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ABSTRACT

A previously developed man-machine model which is capable of simulating
closed man-machine systems operated by crews of from 4 to 20 members was
substantially modified so as to allow its use for system reliability and system
availability predictive purposes. The resultant new model is capable of generat-
ing new system availability and reliability measures based on human and equip-
ment performance resulting from the computer simulation runs.

A description of the revised computer model including the changes is pre-
sented, together with the model flowchart and user information.

The degree of success in producing rational output achieved during a set of
basic runs using the revised model and program is discussed.
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CHAPTER I

INTRODUCTION AND BACKGROUND

General Overview

The integration of human reliability (HR) and equipment reliability (ER) data
into a single comprehensive model for predicting system reliability (SR) has been
one of the major expressed concerns of Navy system planners (Blanchard, 1972).
Efforts to use currently available models, however, have not met with desired suc-
cess levels. An attempt was made, for example, to include human performance
data in the WSEIAC (1965) model, even though an explicit basis was not originally
provided in the model for such consideration. As noted by Blanchard (1972) ...
attempting to force human performance characteristics relative to a particular
system design into an available structure provided by a model developed to ac-
count for equipment consideration is extremely difficult and grossly inadequate. "
Similarly, efforts to incorporate human performance data into the GEM (Orbach,
1968) and RAMA (Hamilton & Bennett, 1970) models have not as yet proved useful.
Moreover, even when separately noted, the contributions of HR and ER to SR have
not been quantified in an easily generalizable fashion.  The result makes extrapo-
lations to new environments/equipments/personnel difficult (Smith et al., 1970).
This problem is primarily a result of the absence of a clear and concise statement
defining the separate characteristics and properties relevant both to ER determina-
tion and HR determination and the development of a unifying strategy for incorporat-
ing them into an SR framework. While a number of equipment reliability models
are currently available (e.g., MIL-STD-756), there has only been limited work in
human reliability modeling (Siegel & Federman, 1974, Federman & Siegel, 1973).

Prior NAVSHIPS Sponsored Efforts

Over the past several years, Applied Psychological Services has been engaged
in developing, testing, and demonstrating a family of man-machine computer simula-
tion models. Considerable emphasis has been given in these models to the HR as-
pects. The earliest model has also been successful in showing the utility of the sto-
chastic simulation approach for predicting human reliability in the electronic equip-
ment maintenance context (Siegel & Federman, 1974). The results of this prior work
point out and support the feasibility of the general approach for HR prediction pur-
poses. On the basis of this prior effort it seemed that a similar approach to the pre-
diction of HR in all contexts (electrical, electromechanical, mechanical, and elec-
tronic maintenance, as well as equipment operation) offered considerable promise.

However, the stochastic simulation model employed previously for HR predic-
tion is limited to simulation of tasks performed by one or two operators and is fur-
ther limited because it is not easily adaptable for total system simulation purposes.
Accordingly, a model was sought which would allow simulation of the actions and be-
haviors of larger groups of men and total equipment systéms. A further prerequisite




in such a model is the ability to accept and interact with ER data so as to yield an in-
tegrated SR numeric. Quite obviously, the output should be analyzable into the con-
tributors to high or low SR.

A second Applied Psychological Services' large crew model was also consid-
ered. This model simulated psychosocial and performance interactions for groups
of operators selected from crews of up to 90 men. Predictions made by the model,
mostly based on HR considerations, include system effectiveness, crew morale and
cohesiveness, operator orientation, sickness, and proficiency. In this model, each
day of a multiday mission is simulated to yield crew-mission evaluation.

However, work with this model indicated that it was not appropriate for inter-
mediate size crews, because as crew size decreases, so does group size, mitigating
the applicability of model logic based on HR group theoretic concepts.

Another model developed and validated at Applied Psychological Services un-
der Office of Naval Research sponsorship was considered. This model, called the
intermediate size model (ISM) has been fully described elsewhere (Siegel, Lautman,
& Wolf, 1972; Siegel, Wolf, & Cosentino, 1971; Siegel, Wolf, & Fischl, 1969). Ex-
amples of variables included in the model are: crewman proficiency, crew morale,
level of aspiration, fatigue, and stress.

The ISM simulates the acts and behaviors of individuals and/or groups of per-
sons as they perform the tasks required for the operation of a man-machine system.
While the model can also simulate tasks performed by a smaller number of persons,
its primary advantage is its ability to simulate teams of 4 to 20 mean. As such, it
complements the one man - two man model (Siegel & Wolf, 1962; 1969) and thelarge
size crew models which had been previously developed and validated at Applied Psy-
chological Services.

As in the large crew model, the approach to the problem of crew simulation in
the ISM is through the formulation of a representation which simulates group activity
and which yields operational (workload) measures, as well as measures of man-ma-
chine system performance efficiency. Because the model is to be used in simulating
difficult and untried missions, in which the operators' physical and mental limitations
may plan an important part, original emphasis in ISM development was placed on hu-
man or operator-oriented variables. Nevertheless, the more ordinafy operational
variables (the amount of time worked by operators, status of supplies, etc. ) are also
included. It has been found helpful to consider the separation of the principal model
variables into these two categories: psychological or operator oriented variables, and
operational variables. Examples of psychological variables are competence, charac-
teristic work pace, physical capability, aspiration level, stress tolerance, and state
of fatigue of the operator. Examples of operational variables simulated are level of
consumables, performance time allowances, task essentiality, and extra work re-
quirements (overtime).




In all of these models, an analysis of the task or mission to be simulated is
required prior to simulation. This analysis provides input data to the computer.
These data, together with information on equipment, personnel, emergencies, and
the like are prepared for computer processing in accordance with a program which
implements the model's logic. Under program control, the computer starts at mis-
sion time zero and simulates the crew's performance of each unit of work or occur-
rence during the mission.

To date, it appears that the attempt to include human behavioral and social
interactive variables in determining system effectiveness has been limited to the ef-
forts of Applied Psychological Services. No other model currently available attempts
to account for and predict human behavior in as detailed and mathematically explicit a
fashion. This has been true even though it has been estimated (Blanchard, 1972)that
over a 20 year system life cycle, 80 per cent of the cost in that period can be assign-
ed to personnel. It would appear, then, that the need for SR models which include
personnel related variables is apparent and that the ISM provides such a framework.
Furthermore, the logic of the ISM facilitates the extraction of both equipment related
and human related factors as they are involved in system performance effective-
ness.

Additionally, it was determined that the ISM could be modified so as to satis-
fy each of a number of characteristics and properties required in a system reliabil-
ity oriented model.

The present report describes the entire model including these modifications
and as such is self contained. It also presents the extent of success this resultant mod-
el has demonstrated in initial model testing simulation runs.

The approach adopted was to take the ISM, which is principally HR oriented,
and to augment its basic capabilities with additional features such as:

operatorinduced equipment failures
motion sickness and its effects
equipment performance measures
shift simulation capability
increased tracking of uses of consumables including
spare parts
enhanced summarization so as to yield measures of
equipment, human, and system reliability
® simulation of a related group of events, called a 'family, "
to yield increased simulation detail
® generalization of model and extension of limits
® consideration of equipment reliability by four major
equipment types
® modification of equipment repair time calculation
degradation of performance adequacy on emergency and on
repair events when such events take longer than a target
time to complete




The ISM, as modified for consideration of ER, HR, and SR determination,
allows answering questions relative to a specific system such as:

What is its ER?

What is its HR?

Which components of ER contribute most to unreliability ?

Which components of HR contribute most to unreliability ?

What changes in equipment will lead to an increase in ER?

What personnel changes will increase HR?

What behavioral variables contribute most to HR ?

What part does ER and HR, respectively, contribute to SR?

What system design changes will best contribute to an in-
crease in reliability ?

How does crew proficiency affect HR? SR?

® What are the effects of such items as motion sickness,

fatigue, morale, level of aspirations, etc., on HR? on SR?

Goals

The balance of this chapter contains a description of the various goals set for
the enhancement work in terms of features and characteristics required of the result-
ing model. General descriptions are also included of the approach taken. Specific in-
formation on model logic changes, and their impact on the ISM computer program are
presented in Chapter II.

Numerical Estimate of Reliability

Perhaps the most critical requirements of a HR model is the ability to provide
a numeric defining HR in a manner which can be compounded with ER data. This com-
pounding should result in a summary numeric defining the total SR. The importance»
of this property was noted by Blanchard (1972), who summarized the statements of his
panel of model users as follows: '"There was a concensus (sic) on the desirability of in-
tegrating, incorporating, or in some way combining human reliability models with
equipment reliability models' and '"... attention should be devoted to the statistical
compatibility of human error rate data and equipmentfailure rate data which might
in some way be combined to provide an overall output reliability index. "

Accordingly, ISM was modified so as to allow separate summary numerics re-
flecting both the reliability of: (1) equipment (and its ''performance' during the simu-
lation) and (2) humans and their performance. These numerics are based on a com-
mon metric and, as such, may be compounded to give an overall estimate of SR. The
separate identification. of the two reliability numerics allows the quantification of the
contribution to SR of the two major system components. The results, accordingly,



allow identification of the component which might be most advantageously modified so
as to provide the greatest improvement in overall SR.

Characteristics of the Numeric

In order to arrive at an overall estimate for ER, traditionally, single compo-
nent reliabilities are expressed probabilistically and are compounded. An an analo-
gous fashion, it has been suggested that HR be generally conceived as being a compos-
ite index. Meister (1970), for example, noted that ... since the reliability prediction
(ER) is formulated in probabilistic terms, the HR technique must be formulated in com-
parable terms. ' Meister also observed that "...it will be necessary to deal with the
likelihood of events occurring over a series of performances.' Somewhat more gen-
erally, it seems necessary to deal with the set of events which constitute performance
as well as over a series of performances of the set. This approach possesses the ad-
vantage of identifying the specific components contributing to unreliability which de-
grade overall HR. System designers, among others, would be able to investigate on
an "event-by-event' basis where major improvements either in the man-machine in-
terface itself or in the introduction of some form of performance aiding would best
augment HR and, consequently, SR. By an "event' in the HR sense is meant a com-
ponent of the overall task such as "detection' in a sonar attack sequence.

As a further requirement within this approach, Blaanchard (1972)noted in
his survey that "... most respondents indicated that. .. use of single-value perform-
ance estimates including HR indices. .. would be inadequate for their needs." This
conclusion was reached from an expressed desire among his respondents for a quan-
tification of the distributions (as well as tolerance limits) surrounding the perform-
ance estimates. This desire is analogous to the synthesizing of distributions from
component test data as involved in a determination of system reliability, as described
by Fagen and Wilson (undated). Similar data for the components, if not for the whole
task, in an HR determination would also be desirable.

Accordingly, it seems that the underlying components of HR in a given system
should be identified and measured on a common metric (probability of success), al-
lowing both a measure of overall HR as well as the identification of the components of
the final index. Distributions of values analogous to MTBF distributions will also be
obtained, wherever possible. Where distributions are available, compounding might
require convolution of mathematical functions.

Level of Specificity

One of the key issues in HR determination is the level of specificity required.
Balaban and Costello (1964) concluded that "There can ...be no general criterion for
the level at which a system should be defined; nor can general ground rules be formu-
lated. FEach assessment must dictate its own criteria.' Likewise, no uniform agree-
ment among model users on this important question was found by Blanchard (1972).




Dunnette et al. (1972), in discussing the issues involved in the development of
a Naval Personnel Status Index (NPSI) raised a problem somewhat similar to that con-
sidered here--the level of specificity necessary for the development of an index of
HR. They suggested that the basic data system necessary for the development of their
NPSI should focus on tasks or functions as the primary unit of analysis. In view of the
difficult effort involved in the development of a data store type of system and possible
user resistance to its employment (Blanchard, 1972), the HR metric focused in its lev-
el of analysis on tasks and/or functions. In ER determination, the level of specificity
was selected at the equipment level. The ER for maintenance of all types of equipment
(electrical, electromechanical, mechanical and electronic), as well as for equipment
operation, was also provided for.

Sensitivity and Robustness

While it is desirable that both the overall ER and HR indices of the model be
sensitive to shifts in their respective components, subtle shifts should give rise to
small or no changes in the major index. In general, each index should be robust to
minor day-to-day fluctuation in magnitude and/or direction of their components. Ad-
ditionally, changes in the index should not be time dependent in and of itself (Bryan,

1973).

Model Reliability, Validity, and Generality

The first requirement of any model is that it be reliable; that is, its predic-
tions must be stable. With stochastic models, this stability is reflected in the dis-
tribution of obtained values being consistent over different model runs. Following
the establishment of model reliability, model validity can then be ascertained. Valid-
ity is defined as the demonstration that a model is measuring what it purports to meas-
ure. With stochastic models, predictive validity can be demonstrated when the dis-
tribution of model derived values reflect the expected (actual) distribution to within ac-
ceptable levels of agreement. Expected distributions can be obtained from historical
records, theoretical derivations, etc. Since both reliability and validity are quanti-
fiable constructs, it is necessary to define a model's reliability or validity in a statis-
tical sense. The issue to be considered is one of more or less reliable and/or valid
rather than a simple yes/no dichotomous decision. Validity, in the form of success
or failure of performance, however, must be clearly stated (Meister, 1970).

The validity of a model is a function of its generality. As generality increases,
validity decreases for any given situation. A balance between validity and generality
must be forged in most stochastic model development efforts.




Other Goals Established

In addition to the properties and characteristics noted above, other features
mentioned by others were established as desirable objectives in enhancing model util-
ity. First, a model should be easily utilized by nonspecialists (Meister, 1970). In-
put requirements and outputs should be as simple and nontechnical as possible, but
experience has shown that models which tend to require a great deal of sophistication
on the part of the user have not received wide application. Similarly, model input
requirements (e. g., formats) should be set up in a manner that is compatible with
both typical engineering and human factors analyses. To the extent that a model ex-
hibits parallel structure in its requirements for engineering and human input data,
the less complicated will be the input data task requirements.

To the extent possible, a model should make use of available data or data
which can be developed from usually available data via transformations. Once again,
the less the burden on the model user, the greater is the expected use of a model.

Additionally, a goal was established to develop a model general enough to be
applicable during system development, as well as during final system performance
assessment (Siegel, 1973 ; Leuba, 1968; Meister, 1970). This use of a model will
probably be critical in evaluating overall utility. As Blanchard (1972) has noted, one
of the most frequent problems facing Navy planners is deciding between two (or more)
alternative systems while the systems are in early planning stages. The model should
allow planners in the early phases of system development to compare relative relia-
bility or values of some similar effectiveness measure for competing systems.

Finally, a model should include consideration of qualitative and quantitative
manning requirements so as to allow testing of expected performance levels of crews
of different skills and proficiencies within skills.

Fleishman et al. (1973) have observed that”The parallel specification of the
elements contributing to human reliability in a manner analogous to that performed
for machine components by engineers is a necessary prerequisite for predicting-over-
all system reliability. " The adaptation of the ISM is designed to determine the ER
and HR components of SR, as well as SR. This approach clearly follows that speci-
fication, as development of the ER and HR numerics, involves determination of as-
pects, properties, and characteristics of each. It also involves determination of how
these can be dealt with in a parallel manner and their final integration into predicting
SR without violating the typical assumptions underlying each.

Further Relationships Among the APS Models and Related Efforts

One question which might be raised is that of the relationships or continuity of
variables from one model to another in the series of three Applied Psychological Serv-
ices' models described. In an attempt to respond to this, and to indicate the relation-
ship of the variables in the ISM to the others, the following summarization presents
the principal variables, functions, or concepts of each of the three models.

Although no specific experiments have been performed to determine the con-
tinuity of predictions made by the three models due to their similarity, it'is expected
that reasonable output overlap and trend similarity would result if the same mission
could be simulated on the different model.
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Principles Leading to Quantification of Variables

Since the ISM is an elaboration of an extant model and its foundations have al-
ready been documented, this report will not dwell on the mechanics of selecting or
quantification of the model's variables. Siegel, Wolf, and Fischl (1969) present an
extensive discussion on the following variables within the model:

physical capability
competence

fatigue

physical incompatibility
working pace

level of aspiration
psychological stress
confidence

This prior work includes literature references to studies considered pertinent
and includes full descriptive and analytic logic. Particularly significant relationships
are described and instances of agreements of concepts with specific literature sources

are cited.

Briefly, the general policy followed in the selection and utilization of variables
for use in the ISM, as well as the other APS models, is summarized by the following:

1. from the principal features of the model and its known
goals, select one or more theories/approaches of
greatest importance, e.g., small group theory, en-
vironmental considerations, extent of importance of
equipment performance

2. with these guidelines, select specific variables on the
basis of literature studies, prior model results,
and/or best judgment

3. identify those factors on which selected variables
should depend, i.e., the relationships among vari-
ables

4. extract from the literature the qualitative analytical
expressions which link the variables one to another,
fitting trend lines to known or estimated relation-
ships

5. scale the variables and expressions to achieve con-
sistency throughout the model

10



CHAPTER II

THE MODEL AND THE VARIABLES SIMULA TED

Introduction

The model makes provision for simulating characteristics of the individual
crew members of a system and the equipment they operate. Each characteristic is
altered as a function of events that transpire during a simulated mission, and each
in turn exerts an influence on mission events. In general, the HR oriented charac-
teristics subsume physical and mental performance factors, personality and motiva-
tional factors, learning and reinforcement, and aspiration and leadership.

A crew of 4 to 20 men is modeled. The ER factors include equipment repairs
by type, sea state, intermittent failures, up and down time factors, and equipment
performance measures. The activities to be assigned to and performed by the crew
are itemized into specific events for each day of a multiday mission. This informa-
tion, together with data on average personnel performance, on equipments to be oper-
ated, and on emergencies which may occur, are provided in coded form to the high
speed digital computer. These data are manipulated for each scheduled event, each
equipment repair event (or event family), and each emergency which is encountered.
The major segments of the model are:

1. crew formation

identification of each crew member and assignment of
specific capabilities and characteristics to each crew
member

2. daily schedule generation

preparation of itemized events to be completed on each
day of the mission

3. personnel assignment

selection of individual men to accomplish the work of
each event with option to use a shift assignment logic

4, event simulation

calculation of conditions existing during each event and
the determination of how well and how quickly the assigned
men accomplish the work which constitutes the event




5. personnel update
modification of the numerical status of human and
equipment variables as a result of group perform-

ance during the event

6. results recording

selection and display of the value of key variables
and summarized conditions as desired (i.e., for
each event, each day, each mission iteration, and
a summary of all iterations)

Figure 2-1 presents a gross view of the flow logic sequencing. A more de-
tailed logical flow diagram of the model is included as Appendix C. The two flow
charts are compatible in that the key nodes, identified by circles containing lower
case letters, represent corresponding points in the model and program. The com-
puter program, written in the FORTRAN IV language, implements these flow charts
and the sequenced logic, as described. To facilitate both descriptive and analytic
program-to-model interaction, this report will utilize FORTRAN variable names.
Appendix A to this report presents a list of the variable names and definitions.

Missions of durations of up to 30 days can be simulated. A mission to be
simulated may be composed of up to 300 types of events, and 200 of any of these
types may be scheduled on any given day. The events are performed by crews of
no more than 20 men who are in up to 10 different personnel specialties and who
may be in four command levels. The crew may operate up to 30 types of equipment
and may encounter up to 10 types of emergencies. Events are performed by from
1 to 20 men selected from the crew (or shift) to form a group which accomplishes
the specific event.

12
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Data Input Required

Six sets of data are required prior to use of the model. The individual

items of data in each of these sets are given in the various tables in Appendix B.

A change was made in the method of handling scheduled event data. Instead of pro-
viding input data for up to 80 events each day, the model was expanded and general-
ized to allow the task analyst to specify (and provide input data for) up to 300 event
types. Any of these can be scheduled at any time of any day. The input data for
event types is defined in Appendix B. Also, for each day of the mission, the task
analyst develops event sequence data for up to 200 scheduled events planned to be ‘
performed that day. These task sequence data, specified in Appendix B (each refer-
ing to one of the predefined task types) constitute the crew daily workload.

All times in the simulation are given to a precision of hundredths of an hour.
Each 24 hour day is simulated, and time is counted from 0000 to 23, 99. A subset
of the data items for scheduled events is required to describe an unscheduled repair
of an equipment or to describe an occurrence of an emergency. Repair events are

also called out by type of event.

Note here that the model now distinguishes between incidence of hard equip-
ment failure (a condition in which the equipment is completely inoperable as a re-
sult of, for example, a component failure) and the incidence of intermittent failure
(a condition in which no "repair' is accomplished but which results in a reduction
of performance "'score" for the equipment).

The next set of data, relating to personnel characteristics and qualities for
the mission, consists of the elements itemized and described in Appendix B. The
first is average population body weight (WT). If a specific system is being simu-
lated in which the body weights of its personnel are known to differ from those of
the general population or the general military population, the mean weight and
standard deviation of that specific system's manning tables become the input data.
For all other circumstances, the mean weight and standard deviation may be ob-
tained from any appropriate anthropometric tabulation (e. g., Damon, Stoudt, &
McFarland, 1966; Webb, 1964; Hertzberg, Daniels, & Churchill, 1950; etc.). The
crosstraining probability table provides the likelihood values of a man of each type
having been crosstrained in each secondary specialty.

Appendix B lists the parameters of the model. This model monitors the lev-
el of up to 20 selected consumables. Of these 20, 10 may be monitored on a unit ex-
penditure basis and 10 may be monitored on a rate of expenditure (e.g., 100 gallons
per hour) basis. One parameter input specifies the initial inventory of consumables
at the beginning of the mission in arbitrary units. A secondary input specifies the
consumable threshold values. When the value of one or more consumables drops
below the selected threshold, those events which require this consumable (except
repairs and emergencies) are ignored. The parameter N provides for preselecting
the number of simulations to be performed. Other parameters are described later
in this chapter as their influence is noted during the processing flow.
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FORTRAN nomenclature for other data items, constants, arrays and vari-
ables complete Appendix B. Discussion of recordings of results in various print-
out options is postponed to the end of the event simulation discussion.

Crewv Formation and Initial Value Selection

The processing begins at circle a of Figure 2-1 or Appendix C. The num-
ber of men in the crew is determined totally and by command echelon using the MEN
[NT, ICE(M)] data provided as input from the personnel data. Each man is assign-
ed to one of four command echelon values:

officer
senior petty officer
junior petty officer
unrated

B w DN =

Then, each crew member is assigned a primary specialty or type number, IPS(M),
by the computer. Next, using this assignment andthe personnel crosstraining table,
PTT[IT, IPS(M)], from the set of personnel input data, each crew member is as-
signed a secondary specialty, ISS(M). Values of IPS(M) and ISS(M) range from one
to 30, corresponding to the 30 possible types of personnel.

Crew members of different levels of physical capability are simulated. The
physical capability variable, as employed, is intended to summarize and represent
the physiological/anthropometric characteristics which the crew member brings to
his job.

A normalized physical capability value, PC(M), is now assigned to each man.
It is the beginning of the mission value calculated using the mean and sigma of body
weight of the total population (personnel input data) based on a normal distribution.
Here, as well as elsewhere in this report, RD denotes a random deviate, i.e., a
number drawn at random from the normal distribution with a mean of zero and a
standard deviation of unity. A crew member of average weight will have a value of
PC(M) = 1.

The parameter CALRY represents the energy consumption of the average
crew member in a day. Using each man's normalized body weight as a multiplier
with the parameter CALRY, a specific value is calculated indicating the average
number of calories, CAL(M), which each man normally could be expected to expend
each day. A similar but short term value of energy or power output (consumption)
rate, PWR(M), is calculated for each crew member, again using PC(M) as a multi-
plier. The parameter PWRRT, the average caloric expenditure of all crew mem-
bers over a strenuous one hour task, is multiplied by the physical capability value
PC(M) for each M, and the result PWR(M) is used as the short term power rate per
hour. (See bottom-right box of Appendix C, flow chart sheet 1.) PWRRT (mnemon-
ic power rate) is considered to reflect a short term peak workload requirement.
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Values for individual crew member's pace or working speed are selected by
pseudorandom number techniques from a normal distribution having a mean equal to
the average crew pace parameter, ACP, and a standard deviation of 0.11., That is,
68 per cent of the crew population can be expected to fall in the range from ACP -
0. 11 (fast operators) to ACP+ 0. 11 (slow operators). :

In a similar way, the model next calls for the calculation of a value represent-
ing the level of aspiration, ASP(M), for each crew member at the start of each mis-
sion. These are selected from a normal distribution with a mean equal to the input
parameter AASP and a standard deviation equal to one-tenth of that value. ASP(M)
values must fall in the 0-1 range.

The amount of sleep each man takes each day is monitored by the model as a
factor influencing fatigue. One of the elements involved here is the length of time
since the completion of a crew member's most recent sleep, HSLS(M); the mnemonic
is hours since last sleep. In order to determine an initial value of this variable for
each man at the beginning of the mission, the Monte Carlo method is again employed
where the average is the input parameter, SLEEP, and the standard deviation is 1/4
SLLEEP. Thus, this initial HSL.S(M) value represents the number of hours since the
last sleep of a man, M, at the start of the mission.

Given values for HSLS(M) for every crew member, it is then possible to de-
termine the fatigue level for each man, FAT(M), an important mission starting con-
dition. This is accomplished using the subroutine FBUILD (fatigue buildup) shown

in Appendix C.

The next initial condition calculation for the crew results in the selection of
a stress threshold for each man, STRM(M). Again, a specific value is taken for
each crew member from a normal distribution having an average equal to the aver-
age psychological stress threshold parameter, APST, and a standard deviation of

APST/6.

The model next generates a value for competence of each crew member in
both his primary and secondary specialties, PCOM(M) and SCOM(M), using sub-
routine PSCAP, Appendix C, page 22. Competence is a descriptive variable for
affording gross categorization of the quality level of an individual's criterion be-
haviors. This is accomplished by command echelon using percentages of crew of
various qualifications as provided in the personael input data, and the summarized
crew complements by command echelon, IAA(CE), previously calculated. The total
crew competence is determined in the primary specialty as an average of the PCOM(M)
values over the crew.
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Any physical incapacity, PI(M), of a man at the beginning of the mission
is calculated next in the same way in which it is determined before beginning each
day's simulation. A few randomly selected men may have a degraded condition
representing mild sickness. The number of such men to be so degraded each day,
NPI, is determined by selecting a number from a Poisson distribution whose aver-
age is the quotient of the number of men in the crew divided by the parameter MPI
(the average number of man days per incidence of degradation). For example, if
there are 15 crew members and degradation is expected, on the average, once out
of 10 man days, then the number of men considered handicapped is selected by
drawing a number (always an integer) from the Poisson distribution having an aver-
age of 15/10 = 1. 5. The selection of which specific individuals are considered to
be degraded is made randomly so that all men are equally likely for selection. For
each man, M, so selected, the model calculates the level of incapacitation, PI(M),
and the duration in days[PI2(M)].

The level of physical incapacitation is calculated so as to yield an equiprob-
able value in the range from 0. 75 to 0. 95. Similarly, the duration of the degrada-
tion is determined from a Poisson distribution sampling in which the average value
is PID, a personnel input datum representing the average duration of a minor phy-
sical incapacitation. The model does not simulate the situation in which a man is
incapacitated to an extent which precludes his working.

The results of all initial value selection computations are optionally record-
ed (print option 2, IND(2) = 1) individually for each crew member and summarized
by crew echelon and for the total crew. A sample of these data is shown in Table
2-1.
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Preparations for Daily Simulation

At circle b of Figure 2-1, several variables are reset to initiate the sim-
ulation. These resets precede the simulation of the first day's events.

In preparation for simulation of all daily events, the model now calls for
the determination of the specific day of first occurrence of any repair (due to ca-
tastrophic failure) of each of the IQ equipments, as well as of the day of first oc-
currence of each of the K types of emergencies. There is a limit (including up to
10 operator induced failures) of 30 repairs per day. The dates of first repair are
based on an exponential equipment failure distribution. These are calculated as
one would determine the time of arrival of an event so distributed, (Note that the
model critically determines the day of first occurrence of each failure. Later,
each time a day is simulated in which such a failure occurs, the same procedure
is used to determine the day of next occurrence of the failure. The method se-
lected is from Bekey and Gerlough (1965):

A phenomenon characterized by sequences of arrivals
may be treated by the exponential distribution; then:

plg=zt)= e‘t/K

expresses the probability that spacing between arrivals
equals or exceeds the specified time, where g = gap be-
tween arrivals, t = time, K = average time spacing be-
tween arrivals and 1/K = arrivals per unit time. Then
t = -Kln(1-P). One may substitute a random fraction

R = 1-P and solve for the time between arrivals.

In this way, the day of first failure occurrence, IDF(IQ), is determined
and rounded to the nearest integer day for each equipment, IQ. The "constant"
used, RELH(IQ), is the average time in days between hard (catastrophic) fail-
ures of equipment IQ and the equipment failure rate is measured in average num-
ber of days between failure occurrences. During the course of the mission, as
each failure occurs on a day being simulated, the day of occurrence of the next
failure of that equipment is determined as outlined above and added to the previ-
ous day's value to obtain the current (next) value.

All IDF(IQ) values are reset to zero at the initiation of each mission iter-
ation.

Determination of the similar day of first occurrence of each of K types of
emergencies, IDE(K), is based on the exponential distribution using the above de-
scribed logic for the time of next equipment hard failure. This was implemented
since it was considered that an assumption of a constant hazard rate for antici-

pation of emergencies was appropriate.
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The following brief analysis, although it is a relatively standard derivation,
shows that the consequence of this assumption is the exponential distribution.

Let AAt = probability of a random event between t and t+ At. Then, 1- At
= probability of no random event between t and t+ At. Let N(t) = probability of no
event from T =0to T=1t. Then N(0)= 1, also N(t+ At)= N{t)x (1 - AAt). That
is, no event from 0 to t + At means no event from 0 to t and no event from t to
t+ At. From this equation, we can obtain a differential equation, solve it, and
so obtain the exponential distribution of time between events:

N{t+ At) - N{t) = - N(t) XAt
lim | N(t+ At) - N() C o - dN
At— 0 At h T dt

Solve differential equation, using R(0) = 1, to obtain:

NG - e M

Thus, a constant hazard rate and an exponential distribution of time between
events are equivalent.

Daily Simulation

The logic sequence now enters the phase of processing which is repeated
serially for each mission day, ND. The sequence is initiated at circle ¢ (Figure
2-1) with reset of several variables in preparation for the daily processing.

Motion Sickness

Next, the effect of sea state on crew performance is determined for the
day. The operation of most nonshore based Navy equipment is in an environment
where motion sickness can affect human reliability. Motion sickness is caused
by particular kinds of motion; its symptoms include nausea, vomiting, malaise,
and cold sweating. The incidence of motion sickness on sea cruises varies from
less than one per cent to almost 100 per cent, depending on the vessel, the sea
conditions, and other factors (Tyler, 1946). During moderate turbulence, a
25-30 per cent rate of sickness to the point of vomiting can be expected (Chinn,
1963). While it is generally accepted that when conditions are appropriate, almost
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everyone will become motion sick, it has been shown (Hemingway & Gareen, 1945)
that the degree of susceptibility to motion sickness varies among individuals. A
number of studies have shown that repeated or continuous exposure to motion results
in declining motion sickness in most people (e. g., Bard, 1945; Bruner, 1955). It is
clear that sufficient empirical data exists to generate distributions of expected mo-
tion sickness as a function of mission length. The parameter inputs, SESTA(IS),
specifies the cumulative probability of each of 10 values of the roughness of the sea
from 0 (calm) to 9 (rough). For example, a value of SESTA(6) = 0. 72 indicates that
72 per cent of all mission days have a sea state of six or below. Prior to simulation
of each day, a pseudorandom number (RY), in the 0 to 1 range, is compared to the
10 SESTA(IS) input values. Here is the sea state index 0, 1, ..., 9. For example,
if the SESTA(IS) values are;:

0 1 2 3 4 5 6 7 8 9
SESTA(IS) 0.10 0.30 0.50 0.80 0.90 0.9 0.97 0.98 0.99 1.0

and RY is . 36, the sea state for this day, ICSS, = 2 since SESTA(1l) < RY but SESTA(2)
> (RY). The current day's sea state, ICSS, is selected as the minimum value of IS
for which SESTA(IS) < RY is selected as the sea state for the current day. This sea
state value is used in the calculation of a value for competence of each crewman for
the day. Both primary and secondary specialty competences, TPCOM(M) and
TSCOM(M), are affected. The effect is linear such that no change to previously
computed, nondegraded (start of mission) competence values is made if IS= 0 (calm
sea) and such that start of mission values are degraded by a factor of 0. 445 for a
worst case of sea state of 9, representing a heavy storm condition. This linear re-
lationship between sea state and competence is shown in the bottom left box of logic
flow sheet 4 in Appendix C.

Following this, the list of days of the first occurrence of repairs and emer-
gencies (just calculated) is scanned to identify any repairs and/or emergencies which
are to be simulated on this day. (The model provides for simulation of up to 12 "re-
pair' events to represent a single equipment repair.) The total number of such re-
pairs and emergencies is integrated with the events of this day. Pointers, identify-
ing the sequence of events to be simulated, are then generated. If there are no re-
pairs or emergencies, the pointer for event 1 will be 2; for event 2 it will be 3, etc.
When a family of one or more repair events or an emergency is encountered in this
process, the logic calls for placing this unscheduled event in a random but equiprob-
able position in the sequence of all events for the day. The pointer for an unscheduled
event is calculated by taking the product of a pseudorandom number in the interval
0-1 and the total number of events for the day, NTE. The pointer(s) for the event
just prior to the unscheduled event(s) is (are) then adjusted to indicate the unscheduled
event. The data for repairs and emergencies are transferred in memory for proc-
essing in sequence as determined by the pointers.
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This process is accomplished by generating an array of pointers, NPTR(I),
1=1,2, ..., NTE, where NTE is the total number of events of all types. Pointers
serve to identify the event to be simulated next, after each event. The maximum
value of NTE is 570, the sum of NOSE + NR + NE:

NOSE < 200: scheduled events

NR < 360: repair events
(30 equipments x 12 repair events
per equipment)

NE < 10: emergency events

The pointer array space assignment is then:

0-200 scheduled events
201 - 560 repair events
561 - 570 emergency events

The following other data are now automatically inserted for repairs and
emergencies:

Kind of event ending KE variable end time
Type of event INT emergency or repair
Time event must be completed TL 24 hours (any time)
Time before which event cannot begin ST 0 hours (any time)

Operator Induced Malfunctions

The possibility of an operator inducing malfunctions into the equipment
with which he works has recently been incorporated into the model. At this point
in the simulation for each day, specific equipments are identified on which such
failures are to occur. Actual event simulations generated by repairs thus in-
volved are calculated and described later.

The logic for this feature is given in logic flow sheet 5 of Appendix C. Es-
sentially, it performs the following functions:
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® During the daily schedule generation, it determines the
events on which an operator induced equipment failure
will occur;

- This can only occur once per event family.,

- It is a function of the mental load of the
event (an input code 1-9), the current sea
state (0-9), and a random effect. The prob-
ability is highest when the sea state and men-
tal loads assume their highest values. For
example, when mental load for the event is
low, i.e., has a value less than 3, then an
operator induced failure will occur if the
ranges of these are:

RY1< o 001+<o. OOiRY2><ICS180+ 1)

0to1l (0.001to 0.00125) (0.1 to 1)

- The occurrence of the operator induced
failure is then directly proportional to the
current sea state and occurs with a prob-
ability equally likely to fall between 0. 601
and 0, 00125 times (ICSS + 1). For calm
sea (ICSS = 0), this reduces to a probability
in the range 0. 0001 to 0. 000125. For ICSS
= 2, then it does not exceed 0. 00375.

The probability of occurrence during an emer-
gency is higher than during a scheduled event.

e In the case in which an operator initiated malfunction oc~
curs, the model generates a family of up to 12 repair
events to represent the repair of the equipment into which
the failure was induced. These are inserted into the daily
schedule of events in which the operator induced malfunc-
tion occurred.
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Such an occurrence has the subsequent effect of lowering equipment reli-
ability by adding events during which equipment will be logged by the model in a
down (inoperable) condition. :

Scaling has been selected so that the probability of an operator induced
failure per event varies for repairs from 0. 001 (low sea state and mental load)
to 0. 0375 (high sea state and mental load) and from 0. 08 to 0. 10 for emergencies.

Intermittent Failures

As noted above, processing for hard equipment failures results in repair
action events and in degraded equipment scores. The concept of intermittent
failures provides for equipment down time, which results in worsened equipment
reliability measures, but is not considered sufficiently significant to warrant oper-

ator repair action.

To incorporate this feature, the model calculates the number of occurrences
of intermittent failures each mission day for each equipment, INO(IQ). This is ac-
complished by selection of a pseudo random number from a Poisson distribution
with mean equal to the average number of intermittent failures per 24 hour period,
RELI(JET), provided as an input parameter for each equipment type:

JET Equipment Type

Mechanical
Electromechanical
Electrical
Electronic

S W N

Using this value of INO and TUI(IQ) (time an equipment is down for an aver-
age intermittent failure), the amount of "down time'' for each equipment is calcu-
lated. These initial daily values of down time for each equipment will be increased
later for each repair event, as it is simulated in turn.

Event Processing

After the setting of the event number, IE, to the value of the first pointer
and other initializations, the processing has reached circle d and begins a series
of processing steps (through circle h) which is repeated for each event to be simu-

lated.

The number of such occurrences, INO(IQ), is then RP[RELI(JET)], as
shown in the top-middle box of flow logic sheet 6 in Appendix C.
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Following the resets for each event, the computer determines whether or
not conditions exist which would justify skipping (ignoring) the current event. In
no case is a repair or emergency event ignored; however, either of two general
conditions could cause a scheduled event to be so treated. The first is a low value
of the input essentiality of the event, IESS(IE). If this essentiality value is less
than the essentiality threshold parameter, IET, then the event is ignored. (The task/
mission analyst determines the essentiality thresholds on the basis of his understand-
ing of the relative importance of each event to the mission and these values are pro-
vided as mission input. )

The second possible condition for skipping an event is too low a level for
a consumable. The model provides for L (up to 10) consumables based on usage
per event plus L1 (up to 10) consumables based on usage per time. The model
also provides (up to 10) sets of 10 thresholds for the supply of each consumable,
One set of thresholds is selected by TS(IE) (input data) as applicable to each
event and if the value of one or more consumables is less than the corresponding
selected threshold, then the event is ignored.

Personnel Selection for Assignments

The logic detailing the selection of the most desirable personnel to assign
to each a specific event begins at circle e of the flow chart. In general, the proc-
essing logic is similar for both normal events and training events. However, for
simulating the performance of normal events, personnel are assigned on the basis
of their primary specialty, whereas in the case of training events, the selection
is made on the basis of the secondary specialty.

The processing is performed for each personnel type sequentially. All
men of the desired personnel type (who have not already worked more hours than
the overtime threshold parameter [WORK 2] ) are considered and evaluated for
selection on the basis of the following criteria:

1. the number of hours worked so far during the day,
TW(M). The man who has worked least is preferred.
If there is an excess of men, with equal TW(M) values
available, of the type being sought, then the selection
is made on the basis of

2. a function, CALR, relating the man's peak energy rate
(over a one hour period) to the energy rate, in calories
per hour, required by the event also normalized to a
one hour period. All cases in which the required ener-
gy is less than the man's "available' energy are con-
sidered equal. The purpose of this selection criteria
is to avoid a mismatch between the requirements of
the job and the physical capability of the personnel as-
signed.
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3. competence in the primary specialty, IPCOM(M). The
most competent is selected first.

Before actually confirming the selection of a given man for assignment to
the group which will perform the event, a test is made to determine if the perform-
ance of this event would require that the potential group member to work overtime.
That is, the computer tests whether or not the current time worked, TW(M), plus
the expected (average) event time, ADUR(IE), exceeds the overtime threshold pa-
rameter, WORK 1. If the threshold is not exceeded, then the individual who has
been tentatively selected is confirmed for group assignment. If overtime is re-
quired for this man (for whom it has already been determined that he has worked
least), then there are clearly no more desirable personnel of this type available.

In this case, an incomplete processing indicator (IPI)is set. Following the proc-
essing of all the remaining personnel types, crosstrained crew members are sought
to substitute for any primary specialty men who are unavailable because of the over-
time requirement. The overtime thresholds including WORK 1 are provided as in-
put parameters so that they may be varied on computer runs and the effects of such
variation on output noted. Values of the parameters should be selected on the basis
of reasonableness for the mission simulated, reflecting the realities of the work

cycle.

The concept of a family of scheduled events (i. e., a group of interconnect-
ed and interrelated events) is also included. This is limited, however, to a series
of events performed by one man. In case of such a family (of up to 12 events) all
will be performed by the same man--whoever was selected by the selection logic
for the first event of the family (i. e., if IFOI(IE) = 1, from the event sequence
input data).

By this process, one man at a time is selected and confirmed. If, when
the most desirable crew member is selected, additional men are still required
of this type, then the process repeats. When all required men have been con-
firmed, or the proper IPI has been set, the sequence of operations is repeated
for each successive personnel type required by the event, until the entire required
work group has been formed.

If the IPI indicator has been set during the process, the processing con-
tinues with the search for personnel who have been crosstrained in the personnel
types which were not fully staffed by primary specialists. Should the situation
arise in which no more personnel of the desired type are available in the second-
ary specialty without their working overtime, then a tally is made and cumulated
of all such unmanned station hours, USH, based on the number of unassigned men
who are required and the average event time, '

Group Leader Identification

Provision is made to simulate the influence of leadership on the work
group. Later in the simulation, the leader's aspiration and his competence val-
ue are used to effect performance. To this end, the model now requires desig-
nation of a group leader. Thus, at the completion of the assignment of the re-
quired persoanel to a given event, the model continues, at circle f of Figure 2-1,

32




with the identification of a leader for the work group. The group member with the
highest command echelon value is tagged as the leader. In the event of a tie, the
competing man with the highest value of competence in the primary specialty is
selected.

Event Start Time

The next question to be answered is: What is the earliest time that the
event can begin, assuming the assigned men are to perform the work, and given
other input data? It is likely that the men who have been selected for event per-
formance may have completed their previous assignment (or otherwise be avail-
able) at different times. So that the event in question can begin when all selected
men are available, the latest time of day at which any group member has com-
pleted his most recent work assignment is checked. The earliest shift when the
job can be accomplished is also determined. To accomplish this bookkeeping, the
computer maintains the latest time that each crew member has worked, Z(M), and
the largest of these, Z1, (for the men in the work group) is determined. Another
constraint which enters into the determination of event start time is the case in
which a specified event must be completed before the present event starts. The
prior event, IPE(IE), is given in the input data. This is implemented by keeping
a value, ZC(IE), for the time of completion of every event as it is completed, and
by determining the time of completion of event IPE(IE), i.e., ZC[IPE(IE)]. The
last element in the start time determination is a specific time of day before which
the current event cannot begin. This value, ST(IE), is also provided as input
data. Thus, the event start time is selected as the largest of the three values:
Z1, ZC[IPE(IE)], and ST(IE).

If this start time exceeds the input data time limit value, TL(IE), then the
event is bypassed after a calculation of unmanned station hours, USH. The USH
variable is used to accumulate the number of working man hours which were dic-
tated by the event workload but which are not performed due to unavailability of
crew members or the like.

Shift Logic

The optional shift logic allows the division of the total crew into watches
(shifts). In the case of implementation of this logic by the analyst, only men as-
signed to a shift which is congruent with the real time of day are selected for
event assignment. To implement this feature, each simulated crew member is -
assigned by the task analyst to one or more shifts up to a maximum of six shifts
in a 24 hour day. The model determines the earliest time an event can begin
(based on its start time or time of completion of the specified precedent event),
and identifies men for each shift during which the job could be performed. The
same man may be identified for more than one shift. The number of unmanned
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station hours (level of undermanning) which could accrue if the event is performed
on each possible shift is then computed, and the event is assigned to that shift in
which unmanned station hours is at a minimum. Where the minimum unmanned
station hours occur in more than one shift, the earlier shift is selected for event
performance. The no shift option can be effected by assignment of all crew mem-

bers to all shifts by the task analyst.

Event Families

In order to allow for the fine grain simulation/analysis of events, the event
family concept was developed. The analyst can break down each scheduled or re-
pair event into a series of subevents. These components of human performance
can then be simulated to determine which are most critical to successful event
performance. Different types of men can be assigned to these subevents by the
analyst allowing for test of different policies. For example, the results of sever-
al simulations may indicate that a specific subevent in a repair family is critical
and may require staffing by crew members of generally higher proficiency levels
or men who are trained in a specific specialty.

The number of subevents and the simulation sequence of the subevents in
a family is fully flexible. For scheduled events, the number of subevents is un-
limited, while for repair events the number is limited to 12.

 Fach event or subevent (scheduled, repair, or emergency) must be as-
signed to a class by the analyst. The classes for scheduled events are: com-
munication, operation, decision, or act. This allows summarization by class
at the end of the simulation.

Each repair is designated as one of four major types: electrical, electronic,
electromechanical, or mechanical. Siegel and Schultz (1962), using factor anal-
ytic procedures, identified nine factors involved in electronic repair. FEight of
these factors, as shown below, were expected to be involved in the electronic re-
pairs to be simulated. These results were extended to the other three major
classes of repairs (electrical, electro-mechanical, and mechanical) with anal-
ogous factor (type) definitions. The analyst identifies which major class of re-
pair he expects to be necessary in his categorization of the equipment involved
in an event as either electrical, electronic, electro-mechanical, or mechanical
and uses the factor types to define the sequence of actions required to repair suc-
cessfully the equipment. Any or all may be used and in any combination. Per-
formance of each of these factors will be simulated as a subevent with the concept
of a family being employed to include all the subevents for the repair. Summari-
zation by class (factor) then allows the identification of the factors which contri-
bute to task failure, which take the most time, and the like.

A summary of the repair event types and the factors within types follows.

34




Electronic

Repair Events

Uses reference manuals

Electronic
Electronic
Electronic
Electronic
Electronic
Electronic
Electronic

Electrical

cognition

circuit analysis
repair

equipment operation
equipment inspection
instruction

report

Uses reference manuals

Electrical
Electrical
Electrical
Electrical
Electrical
Electrical
Electrical

cognition

analysis

repair

equipment operation
equipment inspection
instruction

report

Electro-mechanical
Uses reference manuals
Electro-mechanical cognition
Electro-mechanical analysis
Electro-mechanical repair
Electro-mechanical equipment opkration
Electro-mechanical equipment inspection
Electro-mechanical instruction
Electro-mechanical report

Mechanical

Uses reference manuals

Mechanical
Mechanical
Mechanical
Mechanical
Mechanical
Mechanical
Mechanical

cognition

analysis

repair

equipment operation
equipment inspection
equipment instruction
report
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Fatigue

Provision is made within the model to simulate fatigue states. Fatigue is
considered to build as a function of the energy demanded by a work event and K
the duration of elapsed time since the individual'slast sleep. In general, accord-
ing to Kleitman (1963), fatigue builds up slowly for the first 8 to 10 hours of wake-
fulness, then it accelerates more rapidly up to 16 hours of wakefulness, the nor-
mal retirement time. If retirement is denied after 16 hours of wakefulness, fa-
tigue continues to guild until about 20 hours of wakefulness, the middle of what
would be the sleep period. Then, as a function of the body's circadian rhythm, the
rate of additional buildup slows quite markedly. The asymptotic maximum is reach-
ed at about the 50th sleepless hour, which would represent two consecutive nights
without sleep. The literature indicates that "after two successive nights of sleep
deprivation the subjects are about as sleeply as they are likely to get...[Kleitman,

1963, p. 226]."

Having determined the starting time for the event under consideration, the
question arises: How long has it been between the time each group member's most
recent event was completed and the time the current event begins ? If this interval
is zero, the following processing for sleep, time fatigue, and physical capability
need not be performed since no change has taken place in these values, which are
also calculated following each simulated event. However, if some time has elapsed
(possibly different amounts of time for each group member), then these factors may
change and the appropriate processing is performed. If the interval exceeds the
catnap rest parameter, CN, for any man, then it is assumed that the man in ques-
tion was in fact sleeping during the interval. Exceptions to this are: (1) the situa-
tion in which a man has already exceeded the maximum daily sleep allowance pa-
rameter MAXSL, or (2) the situation in which a man's fatigue level is below the
fatigue threshold parameter TFAT. This last condition insures that no sleep will
begin for personnel who are not sufficiently "tired. ' If a sleep period occurs, its
duration istallied as equal to the interval less a fixed sleep preparation and wake-

up time (30 minutes)

A value of time fatigue is calculated if sleep is to be simulated. Time fa-
tigue of an operator, FAT(M), is reduced as a function of the amount of sleep and
is increased after the duration of the event itself is known. The fatigue relief func-
tion utilized was developed previously by Applied Psychological Services (1966) and
is presented as Figure 2-2. The general nature of the fatigue relief calculation is
to examine the duration of the sleep and to reduce the fatigue level in accordance
with a relationship which specifies that eight continuous hours of sleep reduce fa-
tigue to zero. However, to simulate such factors as individual differences in
sleep requirements, more and less refreshing sleep, and other randomly occur-
ring and hence unprogramable events, the specific extent of fatigue reduction re-
sulting from a given duration of sleep is selected by a stochastic process from a
range of values surrounding the fatigue reduction curve. This is accomplished by
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selecting a number equiprobable in the shaded area (by pseudorandom numbers)
around the two linear events in Figure 2-2 as a function of the duration of the
sleep period itself. This, in turn, generates a fatigue reduction factor which is
then multiplied by the current fatigue level. This process is repeated for each
man in the work group independently.

If the interval is insufficient to allow sleep, then it is assumed that the in-
terval was spent in some leisure, recreational or rest activity, but that this activ-
ity, nevertheless, has the same effect on a man's fatigue as working. In this case,
the model calls for the calculation of a new fatigue value for each group member
in this situation. Here, the function used is the fatigue buildup relationship, as
shown in Figure 2-3. As in the case of fatigue relief from sleep, the function is
divided into linear segments around which random variations are taken to obtain
specific values of FAT(M) at any given time. This calculation is self contained
in subroutine FBUILD (HSLS), as shown in Appendix C, page 22.

Physical Capability

Salient within the simulation is the conception of the match between a per-
son's physical capability and the job requirements. Heavy duty tasks, such as
ammunition handling and equipment moving, require a greater physical capability
than operating electronic equipment or plotting courses and bearings. According-
ly, provision is made to simulate individuals of various levels of capability with
respect to the physical characteristic of strength.

In addition, the physical capability variable permits the simulation to re-
flect changes in the same individual. Specifically, this variable affords direct
simulation of the effects of fatigue, of such randomly occurring incapacitators as
colds, headaches, seasickness/airsickness, sprains and straiuas, and, as an out-
put, it affords analysis of physical workloads separate and distinct from mental

workloads.

The representation of strength in the model is an indirect one. This seems
necessary because the literature indicates that strength is not a unitary concept.

Fleishman et al. (1961, 1962) administered a broad spectrum of strength
tests to 201 Naval trainee recruits on whom age, height, and certain other data
were available. All test results and anthropometric/biographic data were inter-
correlated, and the resulting matrix was factored by the centroid method and ro-
tated to a simple structure. This procedure yielded three primary factors of
strength, a fourth, markedly weaker, and three final factors not involving strength
variables per se (i. e., one was interpreted as a balancing factor, and the other
two factors were biographically related). The three primary factors of strength
were named Dynamic Strength, Static Strength, and Exploswe Strength. They
were described by the authors as follows:
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The common requirement of all tests on the Dynamic
Strength factor is for the muscles involved to propel,
support, or move the body repeatedly or to support it
continuously over time.

The tests of our Static Strength factor emphasize the
lifting power of the muscles or the pounds of pressure
which the muscles can exert. ... In contrast to Dynamic
Strength the force exerted is against external objects,
rather than in supporting or propelling the body's own
weight.

We have given the Explosive Strength factor the alter-
nate name of "Energy Mobilization, " since tasks of
measuring this factor require the effective release of
energy in one explosive act.... The fact that our sprints
are loaded on this factor is entirely consistent with this
notion of "distance through which a force' can be moved
(Fleishman, Kremer, & Shoup, 1961, p. 37).

These descriptions seem to imply that the first and the third factors pertain
mainly to the types of strength exhibited in particular athletic contests. In fact,
gymnastics and calisthenics loaded most heavily on the first factor and running and
jumping activities loaded most heavily on the third. Factor two, however, the so-
called Static Strength factor, seems to transcend athletics and to reflect the type of
strength involved in most military and industrial laboring tasks which depend on
strength. This is the type of strength that is involved in lifting, pushing, pulling,
and otherwise moving equipment, and other objects. Furthermore, the Fleishman
et al. data show static strength to be highly correlated with weight. ~

In view of the availability of weight data, body weight was accepted as the in-
dicator of physical capability within the model.

Other data further support the defensibility of weight for providing a reason-
able index of strength. For example, Damon, Stroudt, and McFarland (1966) indi-
cated that ""A general size factor, common to all dimensions, extends also to
strength. " Tappen (1950), in examining championship weightlifters, obtained a cor-
relation coefficient of 0. 85 between body weight and the number of pounds "pressed. "
Caldwell (1963) reported a product moment correlation of 0. 74 between the weight
and the maximum dynamometric pull of both male and female college students.
Fisher and Birren (1949) also reported significant correlation coefficients between
the dynamometer score and weight of 90 male military personnel and 161 Waves.
Hansen and Cornog reviewed a study by Jones (1947) indicating that '... strength is
related both to body size (especially to weight) and to the mesomorphic component
in body build" (Hansen & Cornog, 1958, p. 250).
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Within the simulation, the physical capability of the various crew members
changes during the course of a mission as a function of two fundamental concepts:
(1) the physical capability of the infirmed operator (e. g., the operator who is sea-
sick, has a cold, or a headache, etc.) is less thanthe physical capability of that
operator when he is well, and (2) the physical capability of the fatigued operator
is less thanthe physical capability of that operator when he is "fresh. "

By program action, such degrading effects occur at random times during
the mission, at a rate dependent on an input parametric value. The processing of
this variable occurs, however, only at the beginning of the mission and at the end
of each mission day. The value of the variable is utilized in the physical incapaci-
ty calculation.

When a simulated individual becomes subject to the incapacity effect, his
physical capability is reduced. The exact extent of impairment cannot be speci-
fied in view of large individual differences in reaction to these minor ailments and
afflictions. Accordingly, the capability reduction is treated by a stochastic proc-
ess.

Physical Capability Calculations

If a fatigue calculation is required (and a new time fatigue value, FAT(M),
determined for the working group members), then the current physical capability,
PCC(M), must also be calculated since PCC(M) is dependent upon FAT(M). This
calculation represents the physical capability of the men at the start of the event.

It is repeated for each group, as described below. It is assumed that the physi-
cal capability of a man decreases with time at work, total work done, overexertion,
and disability (physical degradation). Physical capability also varies among men.
These effects are assumed to be independent of each other and operate multiplica-
tively. The function™ may be expressed analytically as:

P
B ACAL(M) 2 T
PCC(M) = PC(M) - PI(M) - [1-(1-K1)(m) ] - g(—PN). [1-0. 1 FAT(M)]

Here, PC(M) is the physical capability (related to strength) of the man, as calcu-
lated at the beginning of the mission (1 is an average value). PI(M) is the physical
incapacit}; éfalue related to minor sicknesses discussed above. The factor[1-(1-K1)

(%) is termed the work factor. Here, ACAL(M) is the total work done

The physical capability variable was selected and quantified on the basis of
an analysis of the pertinent sources as summarized in Siegel, Wolf, and Cosentino
(1971, pages 31-34). The form of the function and its rationale follows from

that analysis.
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(calories expended) on all events from the last sleep period up to and including
half of the calories expected to be expended on this event, maintained by the com-
puter as the tally of accumulated calories. CAL(M) is the average number of cal-
ories expended in a normal working day for each man, as discussed earlier. The
K1 term represents a disability factor--a fraction to which the work factor falls
when a particular man has done his normal quota of work during the day. In this
analysis, we note that a man's capability decreases as he continues to work and
that it is reduced to the value K1 after a normal day's effort. The term g(Pp/Py
represents an overexertion effort. Here, a mismatch of capabilities betweenthe
men assigned and the physical requirements of the events, in terms of energy (cal-
ories) required, are considered. The function is:

<1
, 1 when PT/ PN
T - C-PT/PN
PN —C_—'l— when 1 < PT/PN <c

Thus, the overexertion factor has no influence as long as the work rate for the giv-
en event does not exceed the peak work rate expected for the men.,

In FORTRAN notation:

IEC(IE) calories per hour

P work rate for the event

P_., peak work rate PWR(M) calories per hour

i

c, value of Pp/Py yielding zero ZPC

physical capability due to over-
exertion

The function is represented graphically as shown in Figure 2-4.
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Figure 2-4. Overexertion function.

The last term of the PCC(M) equation is a function of the fatigue factor, as
previously defined, which is dependent only upon time elapsed since last sleep and
sleep duration.

The grdup physical capability is calculated as the average of the physical
capability values over all group members.

Competence

Job competence, as employed in this simulation model, represents those
aptitude, ability, training, and experiential factors which determine how well an
individual performs on the job. It pertains to the quality, or accuracy, of per-
formance, and is almost completely independent of the speed of performance. The
overall influence of this variable is for greater competence to yield more accurate
task performance, The only circumstance in which competence bears any relation-
ship to event completion time in the model is in the circumstance of an event which
must be repeated if performed unsatisfactorily. The less competent individual has
a lower probability of succeeding on an event. Since repetitions consume time,
satisfactory completion of that event will take the less competent operator longer
than his more competent peer--not because he necessarily works more slowly--
but because he is more likely to need to repeat the event.

Each simulated crew member is considered to have a degree of competence
rated on a scale between zero and unity, in both a primary occupational specialty
and a secondary specialty. Competence values at the start of a mission are select-
ed by the computer on the basis of personnel input data. Mean and standard devia-
tion values for the generation of such data are available in a number of sources.
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Within the model, competence is one of the principal determinants of how well
an event will be performed. Thus, as the competence of the persons selected to
perform an event increases, the likelihood that they will perform the event satis-

factorily also increases.

However, we do not assume competence to be static. Within the model,
provision is made to allow competence to be modified as a function of experience
(Ghiselli & Brown, 1948) and as the aspiration level varies. In the prior regard,
Deutsch (1954, p. 208) maintained that "If an individual has considerable experi-
ence in a given activity, he will know pretty well what level he can expect to reach
and the gradient of values on the subjective probability scale will be steep' and in
the latter regard, Krech and Crutchfield (p. 410) contended that "A successful in-
dividual typically sets his next goal somewhat, but not too much, above his last
achievement. ' Consequently, the model provides for increments in the compe-
tence of crew members during the mission simulation as a function of perform-
ance and aspiration levels. This relationship is shown in the first box of flow logic
sheet 19 and is explained in a subsequent section of this chapter which is side head-

ed ""competence upgrading. "

Stress

Provision is made within the model to simulate the effects of certain mani-
festations of anxiety and stress. Specifically, differences in the stress tolerance
of individuals are simulated, as are individual anxiety levels and ractions to anxi-

ety/stress.

Stress is operationally defined as the ratio of the amount of time needed
for completion of the current event to the amount of time available for complet-
ing the event. This value is calculated for each event (i.e., for each group per-
forming the event) during the simulated mission. Stress tolerance is simulated
as a threshold, STRM(M), assigned for each crew member, against which the
stress value is compared in order to determine program actions. Stress values
which are below threshold are considered mild; those of threshold level and larg-
er are considered severe. The general principle implemented is for mild stress
to be psychologically organizing or facilitating, while severe stress is disorgan-
izing or debilitating. This representation is consistent with the current litera-
ture on the influence of stress on various aspects of behavior. A number of oth-
ers (e.g., Harris, Mackie, & Wilson, 1956; Torrance, 1961; and Hare, 1962)
have reviewed the effects of stress on task performance. All of these essenti-
ally concur that stress exerts a beneficial effect up to a particular point, but be-
yond that point, stress is disorganizing.
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Under severe stress, performance accuracy is expected to deteriorate.
The incidence of careless errors with mounting pressure and with attempts to
save time is a common observation. If is confirmed in most contemporary psy-
chological views of anxiety influences. Accordingly, when an operator's current
stress reaches the level of his stress threshold, the probability of successful task
performance is reduced or, phrased alternatively, the probability of error is in-
creased. When stress subsides to more modest levels (below the threshold), this
effect is reversed.

As described above, stress also affects the operator's level of aspiration.
So long as stress remains low relative to the stress threshold, aspirations, when
attained, are reset higher. When stress mounts to the level of the stress thresh-
old, if the aspiration level is not attained, it is reduced to the level of current per-
formance. This influence of stress on the level of aspiration is an implementation
of Lewinian psychology. In 1942, Lewin wrote that "A successful individual typi-

cally sets his next goal...above his last achievement. ... The unsuccessful individ-
ual, on the other hand...becomes intimidated and gives up reaching out toward
higher goals...'" The model utilizes stress as well as performance records in dif-

ferentiating the successful from the unsuccessful individual, in order to effectits
program actions,

Finally, situational events can influence stress loads. In particular, emer-
gency situations impose considerable stress upon all who are party to them. This
very obvious effect is simulated by providing for the possibility of increased stress
when certain selected emergencies occur.

In summary, the concept of a stress threshold, as defined for an individual
in the prior model, developed by Applied Psychological Services for the Office of
Naval Research (Siegel & Wolf, 1969), is extended in the present case to apply to
the group. A group stress threshold, GSTRM, is calculated as the average of the
stress threshold values of the men assigned to the group. The psychological stress
of the group itself in accomplishing the event is now determined.

Psychological stress is a time-induced function dependent on the time avail-
able to the operator and his expected performance time. In the present model,
therefore, if no event time limit, TL(IE), is specified as input data, the no stress
condition, GSTR = 1.0, applies, If a time limit is specified, then the group stress
is calculated as:

GSTR = Expect?d Perfo'rmance Time x Mental Load Factor
Time Available

where GSTR is limited between 1 and 5, the expected performance time is ADUR(IE),
the time available is the time limit less start time = TL(IE)-Z2, and the mental
load factor is 0. 875 + LODM(IE)(0. 25). This mental load effect is represented
graphically in Figure 2-5. Here, LODM(IE) is the mental load input code.

45




MENTAL LOAD FACTOR

2 3 4 5 6 7 8
MENTAL LOAD, LODMI(IE)

ol L ____1_____

Figure 2-5. Mental load effect,

Event Duration

The next major segment of the processing, which represents, in a sense,
the kernel of the simulation, is the calculation of the duration of the event. It in-
volves variables such as stress, goal aspiration, pace, and group performance.

If the event is known to be of fixed duration, ASD(IE) = 0, or if the end time
of the event is fixed, i.e., if event input specifies KE(IE) = 1, then it is not neces-
sary to calculate the performance time and those variables upon which it is other-
wise dependent., In such cases, the processing continues with circle g after the set-
ting of the performance time, PT(IE), and event end time, ZC(IE). In preparation
for this, the calculation of group performance (event success percentage) and group
aspiration are accomplished next as the averages of the group members' individual
values for these respectively.
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Current Performance of Each Man

PERF(M)

Number of Successful Events Worked On Whole Mission
Total Number of Events Worked On Whole Mission

GPERF Group Performance = Average of Performance of the Men in Group

GASP

1]

Group Aspiration = Average of CurrentAspiration of the Menin Group

Aspiration

Provision is made to simulate the level of aspiration, or motivation, of
each member of the crew. This is done by initially assigning individual aspiration
values on a zero to one scale, permitting those values to affect the speed of per-
formance, and then adjusting the aspiration values as a function of operator suc-
cess records and the amount of stress being incurred.

The initial aspiration level represents the performance that the operator
would hope to attain--the ratio of the number of event successes to the number of
attempts. Thus, an operator with an aspiration value of 1. 00 would aspire to suc-
ceed in every one of his task attempts, while an operator with aspiration value of
0. 50 would have lower motivation and would be viewed as considering a rate of one
successful attempt in two as acceptable.

As simulated, the level of a man's aspiration influences his working pace
and stress, and is in turn subject to the influence of the degree of stress the oper-
ator is incurring andhis success record. Considered are: (a) the operator's goal
discrepancy--the difference between the aspired success record and the actual re-
cord, and (b) the difference between current stress on the operator and the opera-
tor's stress threshold. Comparison of the goal discrepancy with the stress differ-
ential provides the basis for the reciprocal influences involving level of aspiration.
Five discrete circumstances can exist.

Case 0 No significant goal discrepancy

Case 1 DPositive goal discrepancy (i. e., aspiration in excess
of actual performance record) and subliminal stress

Case 2 Zero or negative goal discrepancy and subliminal stress

Case 3 Positive goal discrepancy and stress equal to or greater
than threshold

Case 4 Zero or negative goal discrepancy and stress equal to or
greater than threshold
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Through the five cases described above, the level of aspiration variable,
a motivational variable, can be seen to influence working pace and current stress,
while being, in turn, influenced as a function of task success records and level of
stress. The reciprocal and dynamic quality of the variable as treated in the mod-
el is quite consistent with aspiration level dynamics as described by such writers
as Lewin (1942) and Kelley and Thibaut (1954).

The model's logic for processing each case is shown in Table 2-2 below.

Table 2-2

Goal Aspiration Cases

Aspiration-Performance Stress vs.Threshold

Case Condi tion Condition Result
0 |GASP-GPERF|<0.02 - None
1 GPERF < GASP GSTR < GSTRM Calculate pact adjustment factor
2 GPERF = GASP GSTR < GSTRM Reduce aspiration level
3 GPERF < GASP GSTR = GSTRM Set aspiration= performance
Calculate pace adjustment factor
4 GPERF = GASP GSTR =z GSTRM Reduce group stress

The pace adjustment factor is calculated as:
Case 1; PAF = 1.0 - 0.4 (GASP - GPERF)

Case 2: PAF = 1,0+ 0.4 (GASP - GPERF)

The pace adjustment effect is shown graphically in Figure 2-6. Thus, changes in
the pace due to this adjustment factor are a linear function of the difference between
aspiration and actual performance, where lower pace values indicate faster oper-

ators.
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Case 1 presents a circumstance which will be recognized as predisposing
positive motivational value--the operator is not performing as well as he would
like to, yet he is only mildly stressed, if at all. The psychological expectation
is that he would strive to perform better, and the model effects this by reducing
his pace value, thus simulating his working faster.

Case 2 further illustrates the dynamic aspect of level of aspiration, both
as occurring in life and as simulated in the model. Presented is a zero or nega-
tive goal discrepancy, which means that performance has at least equalled oper-
ator aspiration, and stress is still of only modest magnitude. Psychological the-
ory (e. g., Deutsch, 1954) indicates that under these conditions, the operator would
"raise his sights' and aspire to do more, since he demonstrated to himself that he
has easily attained the initial level. In this regard, Krech and Crutchfield (19438)

wrote:

...a successful individual typically sets his next goal some-
what, but not too much, above his last achievement. In this
way he steadily raises his level of aspiration. Although in

the long run he is guided by his ideal goal, ..., nevertheless
his real goal...is kept realistically close to his present po-
sition.

This process is simulated in the model according to a Monte Carlo procedure, as
described in the next chapter.

Case 3 presents a circumstance of resignation. The operator is not per-
forming as well as he would like, but is incurring severe stress. Because of the
severe stress, he has no choice but to accept his current performance level. The
model effects this by reducing the aspiration value so that it equals the perform-
ance record. The simulated operator has ceased his upward striving and avoids
the severe stress by accepting his current performance. However, associated
with the cessation of upward striving, with the ""edge' off the individual's motiva-
tion, one might expect to observe the beginnings of a partly voluntary and partly in-
voluntary deterioration in performance. This effect is simulated in the model by
also increasing the pace value, thus slowing down the rate at which the operator
performs his tasks.

In case 4, current stress is altered. Specifically, Case 4 presents the cir-
cumstance of performing equalling or exceeding operator aspiration, but stress be-
ing substantial. That is, the operator is incurring severe stress, despite the fact
that he has attained the level of performance he set for himself. It seems reason-
able that as he reviews his success record, he stops ''sweating it' quite so des-
perately, for he has demonstrated that he can attain his aspiration level. In the
model, this is simulated by reducing the operator's current stress by ten per cent.
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In case 2, the increase in aspiration level is randomized to be equiprobable
between a zero and 10 per cent increase., In case 4, the group stress reduction is
always a 10 per cent reduction.
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Figure 2-6. Pace adjustment effect.

Working Pace

The ISM model simulates differences in the pace, or the speed, at which
each of the various crew members works. This variable is intended to sum-
marize and represent individual differences which determine how quickly an in-
dividual performs a job. Speed of event performance is treated in the model in-
dependently from the accuracy of performance. The pace variable is one of the
means by which the speed of performance is simulated.
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Each member of the simulated crew is initially assigned a value to repre-
sent his normal working pace, PACE(M). The assignment is made by the com-
puter, through random draw from a normal distribution of values with a mean
equal to the input parameter Average Crew Pace, ACP, and standard deviation of
0.11. The concepts reflected in this distribution are establishment of unity as the
"normal working pace' in the general population, and expressing variations from
the norm in such a way as to satisfy a 2:1 ratio between the characteristic paces
of the slowest operator and the fastest. From the distribution described above, an
extremely slow worker would be represented by a value in the realm of three stand-
ard deviations above the mean, or PACE(M) = 1. 33, an extremely rapid worker by
a value in the realm of three standard deviations below the mean, or PACEWM) =
0. 67, a very close approximation to 2:1. Such a range of differences, although
seemingly large, is consistent with fairly fundamental psychological observations;
for example, '""Wechsler shows that the range of most physical and mental activities
vary as 2 to 1...[Barnes, 1954, p. 353, in reference to one of David Wechsler's
(1935) early works]. "

A value for the pace of the group on each variable time event (GPACE) is
calculated as the average of the pace values for the men in the group. The purpose
of the pace variable then is to influence the time worked by a group on each simu-
lated variable time event. Ignoring other factors for the moment, itis desired that
a slower group (say one with a group pace value 1. 1) would take ten per cent longer
than nominal and a faster group, with pace value of 0. 75, would perform the task
in three-fourths of its nominal execution time, plus or minus the stochastic effect.
Thus, the group pace value functions in the model as a multiplicative modifier of
the execution time assigned.

Fatigue affects the speed of task performance as well as the quality of per-
formance (Ghiselli & Brown, 1955, p. 249). Its influence on quality has been de-
scribed and its influence on speed is represented in a very similar way. The read-
er will recall that fatigue builds as a function of the amount of time since the oper-
ator last slept, and as a function of tasks performed in that interval. After each
event, a current fatigue level is calculated and, via the physical capability vari-
able, is employed to alter the operator's existing pace value. The nature of the
alteration is to increase pace values with the buildup of fatigue (decrease in physi-
cal capability), thus rendering more slow the execution time for subsequent work
as the operator becomes more tired.
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Group Pace Calculations

In the simulation, the work speed of the group for an event, termed its
pace, is determined as the product of three factors. The primary influence is
the average of the individual pace values, PACE(M), of the men assigned to the
event. The second is the pace adjustment factor just discussed and shown in Fig-
ure 2-6. The third, called the slowness factor, SF, is dependent on the value of
physical capability, PCC(M), of each group member, as shown in Figure 2-7,
This figure indicates no effect on operator speed for an average, PCC(M) = 1 val-
ue, but that operator speed is halved when physical capability is completely de-
graded and doubled when PCC(M) reaches a maximum limit value of 2. Thus, fa-
tigue, sleep, and overexertion elements enter the pace computation which, in turn,

influences performance time.

2.0
SF= 2-PCC(M)
1.5 p——
[T
w
o
I=
-
: o —————
w SF=1.5- PCC(M)
(7] | 2
»
w I
=
= |
© 05— - - - == - ———===
—
o | |
1
| I
| !
o |
0 1.0 2.0
PHYSICAL CAPABILITY PCC(M)
DEGRADED -= » ENHANCED

CAPABILITY CAPABILITY

Figure 2-7. Determination of slowness factor.
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Event Performance Time

Three factors comprise the performance time, PT(IE), calculation for
scheduled events. The first is a value, V, selected from the normal distribution
with mean, ADUR(IE), and standard deviation, ASD(IE), both given as input. The
second factor is ZIJ. The group stress and group stress threshold influence the
Z1J value and thence performance time, as shown in Figure 2-8.

20 —

0.33

PERFORMANCE TIME MULTIPLIER ZIV

1.0 ) GSTRM GSTRM +1
(STRESS THRESHOL.D)

GROUP STRESS, GSTR

Figure 2-8. Stress effect.

The result is a value, ZIJ, which is a multiplicative factor for V in the determina-
tion of performance time. The third factor entering this calculation is the group
pace value, GPACE, just discussed. Thus, performance time is calculated as:
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(VHZIJ)GPACE) ' if GSTR < GSTRM

PT(E) = GPACE [V(2GSTR-GSTRM + 1 - ADUR(IE) - (GSTR - GSTRM)]
if GSTRM < GSTR < GSTRM + 1

GPACE [3V - ADUR(IE)] if GSTR > GSTRM + 1

and is limited to lie between 0 and 4 ADUR(IE).

A modified calculation for V is employed for repair events. In studies
which pay particular attention to repair time, it is conventional to assume a log-
arithmic normal distribution. This gives a probability density function that rises
steeply for small values and is less accentuated for large values as shown below:

Then, 1ln t is normally distributed. The difference from normal distribution is
that the program generates a random value of ln t from a normal distribution and
then the exponential of this value of In t is the random value of t.
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The following describes the computation involved in choosing appropriate
values of mean and standard deviation. If y = ln x is normally distributed with a
mean u and standard deviation o, then x will have mean ¢

and variance:

“ =

ADUR(IETY)= ¢

TEM 3

1
(=]
1l

ASD(IETY)

i
q
il

Solving the above

TEM1

and determine u by:

TEM 2

2
2
HF o

mean of logarithm of repair time
mean of repair time
standard deviation of logarithm of repair time

standard deviation of repair time

equations for u and ¢ by algebraic step we determine:

2
o? 0—x
= e = 1 + -2_
¢
u g

1
)
i

TN
0]
q
[\
N—
[N

Then u and ¢ are used with normal random deviate intrinsic function,
and exponential of this result is the random repair time,
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In FORTRAN notation:

) [ASD(IETY)]?
TEM1 = 1+ T S0RAETY)]?
rEMe - ADURUETY) 4

VTEMI VTEMl

TEM3 = +VlnTEM1 = o
Then:
v _ o (InTEM2 + RD \/1n TEM1 )

which is used only for repair events.

Following determination of event performance time, the time of day at
which the event was completed, ZC(IE), is calculated as event start time plus
performance time = Z2 + PT(IE). If completion time is later (larger) than the
time limit for the event, TL(IE), given as input, then the event is assumed to
last only until TL.(IE), i.e., ZC(E)= TL(E) and PT(IE) = TL(IE) - Z2(E).
The balance of the unworked time is tallied as unmanned station hours, USH.

24 -Z2 so that no events will
24,

i

If the event time exceeds 24, then PT
carry over to the next day. In this case, ZC
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Event Bookkeeping

Beginning with circle g in the flow chart, a variety of additional event
bookkeeping calculations are completed based upon availability of the value of
performance time.

First, for each equipment used in the event the cumulative equipment up
time and down time (for the current day) are revised. For scheduled and emer-
gency events (in which equipment is assumed operational) up time for each equip-
ment is simply: -

CUT(IQ) = CUT(IQ)+ PT(IE)

For each repair event, the duration of which is assumed to represent an equipment
inoperability period, cumulative equipment down time is :

CDT(IQ) = CDT(Q)+ PT(E)

A sum of actual repair times (event times for repair events) is maintained for each
equipment as:
CART(IQ) = CART(IQ)+ ADUR(IE)

Next, performance level, the equivalent of MTBF, is calculated for each
equipment as: '

cuUT(IQ)
CUT(IQ)+ CDT(IQ)

EPL(IQ)

The time since last sleep, HSLS(M), is augmented for each working group
member by adding the performance time for the event. Then the tally of time
worked for the day, for each group member, TW(M), is revised, and the last time
of day worked, Z(M), is set, for each group member, equal to the event comple-
tion time, ZC(IE). Then the number of calories expended on this event by each
man, CCAL(M), is calculated to be equiprobable between 0. 95 and 1. 05 times the
product of IEC(IE, NT) and PT(IE). Next, the total number of calories expended
since last sleep, ACAL(M), is adjusted by adding a current event calorie value,
CCAL(M). The CCAL(M) value is also used in accumulating the tally of calories
expended by each group member for the current day, IDC(M).

Next, the crew mental load is cumulated in load-time units. Given the

mental load code, LODM(IE), which specifies the graduated load scale and which
applies during the period of event performance, PT(IE), the value LODM(IE)- PT(IE),
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is added to prior values to summarize current crew mental load units.

Similarly, the event hazard class code IH(IE) is multiplied by PT(IE) to pro-
vide a measure of hazard units, EH, accumulated as TEH for later calculation of
the safety index on a daily basis.

Performance Adequacy

Having determined the values for all of the variables affecting the perform-
ance of the event, the adequacy of the performance may now be determined. The
following four variables are considered for each man in the group associated with
the performance of the event:

Variable Range of Values
stress 1-5
competence 0-1
physical capability 0-2
aspiration 0-1

With each of these variables, the model associates a function for the work
group which varies from 0-1, in which unity represents perfection. These four
functions are then combined to obtain an overall measure of how well the group per-
formed. The function for effectivity (goodness) of stress is given below and shown
in Figure 2-9.

(1-BE)GSTR _
GSTRM-1.0 ' BE if GSTR < GSTRM
5-GSTR

ES - ( 5-GSTI . _
5-GSTRM if GSTRM < GSTR <5
0 if GSTR > 5
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BE

Effectivity
of
Stress, ES

1 GSTRM 5
Group Stress, GSTR

Figure 2-9. Stress effectivity.

The effectivity function for competence, EC, utilizes the values of crew
member competence, TPCOM(M), previously degraded as a function of sea state
‘and provides for added weight to be given to the competence of the leader,
TPCOM(LI), as shown below:

EC : {2[TPCOM(LI)] + =TPCOM(M)}
IG + 2

Here, the summation is taken over all members of the group. This represents

an average competence value for the group in which the leader's competence has
been given two extra weighted shares. In the determination, TPCOM(M) is se-

lected as either the competence in the primary specialty, TPCOM(M), or in the

secondary competence, TSCOM(M), depending upon the actual assignment of the
men during the event.
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In the situation of a repeat (second try) of an event due to failure to per-
form satisfactorily the first time, 0.2 is added to EC on the repeat to simulate a
short term increase in the effectivity for group competence. This increase is jus-
tified since the group has worked recently together and has had the benefit of im-
mediate experience.

The effectivity for the physical capability, EF, is set equal to the group
physical capability value itself, GPCC, if less than one, and is set equal to unity
if GPSS exceeds unity.

The fourth and last function is the effectivity of aspiration, EA. It is treat-
ed like competence, with the leadership aspiration receiving extra weight, as fol-
lows: '

EA . {2[CASP(LD] + ZCASP(M}
IG + 2

In order to calculate from these four measures a single value for perform-
ance adequacy, the following formula is used:

PA - ‘IB(ES)(EC)+ (ES)(EF) + (ES)(EA)+ 3(EC)(EF)+ 3(EC)(EA) + (EF)(EA)
h ' 12

which simplifies to:

- 3(EC)(ES + EF + EA)+ ES(EF + EA) + (EF)(EA)
PA = \/ 12

A potential degration in this value of PA is taken into consideration if the
current event is either a repair or emergency. If such is the case and if the com-
puted duration of the event, PT(IE), exceeds the maximum (target) duration of that
event which is provided as an input, then PA is degraded by the ratio of DTR(IQ)/
PT(IE) for repair events or DTE(K)/ PT(IE) for emergencies.
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Event Performance Efficiency

For later use in determining mission performance efficiency, a running
sum is maintained of performance efficiency values for each event.

event essentiality x performance adequacy
performance acceptability level

Efficiency =

This efficiency function is calculated for each event. It is, essentially, a ratio
of actual event results (performance adequacy weighted by event essentiality) to
the level of performance acceptable to the supervisor. The cumulative sum of
event performance efficiencies, SEF, is calculated as a function of the perform-
ance adequacy, the event importance (essentiality value), IESS(IE), the leader's
aspiration, CASP(LI), and the constant, K7, which indicates the level of accept-
able performance, described below, as follows:

PA - IESS(IE)
CASP(LI) - K7

SEF = SEF +

Also, a similar running sum of event essentiality values, ISIE, is maintained for
the day.

Recalculation of FCC(M) and FAT(M)

The values of physical capability and time fatigue are now adjusted in the
same manner as was described previously for each group member who participated
in the event simulated. The prior calculation is required only if there was a time
interval between the prior event and the current event. However, the calculation is
not required in every case. It represents an updating of values as aresult of time
worked on the current event, TW(IE), and the new values represent the situation at
the end of the current event. The fatigue, FAT(M), the physical capability of each
man in the group, PCC(M), and the group physical capability, GPCC, are calculated
as previously described.

Adjustment of Consumables

The revised level of consumables available is determined next. First, the
actual amount of consumables expended is calculated either as a function of event
performance time and expenditure rate or on a unit expenditures basis. .Then prior
values of the L consumables, KON(L), are adjusted to account for consumption dur-

ing the event.
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Since the rate of expenditures for some events is more logically given in
terms of usage units per event rather than per hour, the logic of the model con-
siders both types of expenditures independently. Accordingly, for "unit" events
the current level of expenditures, KONC1(L.1) is:

KONC1(L1) = KONCI1(L1)- IRC1(L1)

where IRC(L1) is the number of units expended per event.

For events in which expenditures are accounted in terms of units per hour,
the corresponding effect is accomplished by multiplying the rate of expenditure of
each consumable by the duration of the event and cumulatively subtracting the prod-
uct from current values for each consumable;

KONC(L) = KONC(L) - IRC(L, IET) - PT(IE)

Event Success or Failure Determination

Performance adequacy, just calculated, is an important element in deter-
mining the success or failure of the performance of an event. An initial estimate
of a criteria for success might be whenever performance equals or exceeds the
leader's expectation, i.e., when PA > CASP(LI). However, it must be conceded
that a team's leader will be willing to accept "'something less'' than his own per-
formance aspiration value as constituting acceptable performance for a group of
his peers or subordinates. Thus, the model uses the constant K7 for this "some-
thing less' and defines an event to be successful whenever:

PA > [CASP(LI)]K7.

Performance Level

After determining performance adequacy, the model increases by one the
tally of the number of successes or failures, as appropriate for each man who
worked on the event. These tallies are NOSUC(M) and NOFAIL(M) and are accumu-
lated over the entire mission iteration. A new performance value, PERF(M), for
each man who worked on the event is now determined as the ratio of the number of
successes to all events in which he has participated.
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Event Results Recording

Next, the results of a single completed event are optionally recorded for
later printing. If the option to record detailed event results is taken (print option 5,
IND(5) = 1), the results are recorded and printed for analysis. Included in the
printout are the following results for each event: successful/unsuccessful, men
available, start time allowed, prior event requirements time finished, event start
time, event duration, event end time, unmanned hours, group stress, physical cap-
ability, pace, aspiration, performance adequacy, hazard, consumables used and
remaining, men on the job, and each man's fatigue, physical capacity, hours work-
ed (cumulative), calories expended on this task, calories expended (cumulative)
hours since sleep, idle hours, hours slept, cumulative performance, and aspira-
tion, as shown in Figure 2-10,

The printout for each event performed is concluded with data on each man
who was assigned to the event. Here, an asterisk in the LDR column identifies the
work group leader.

Failure Processing

In the case of an event which is unsatisfactorily performed, the repeat-touch-
up code, R/TU(IE), of the input data determines whether the entire event is to be
resimulated (repeated) or whether it is to be partially redone (touched up). If the
event is coded as 1 (repeat), a second try is accomplished by returning to circle g
in the processing flow chart. Only one such repetition is allowed for any event oc-
currence. If the second attempt is also unsatisfactory, the processing continues at
circle L.

If the event is coded as 2 (touchup), a second try is simulated during which
the performance time is set equal to one-half of the value of the performance time
previously calculated. Again, second try processing begins at circle g.

If the failure processing code is a 3 (no repetition permitted), the processing
continues at circle h, and the processing is the same as that which takes place after
a task repetition or touchup.

End-of-Day Processing

Then, at circle h of the model flow chart, a check is made to determine
whether or not the current event being simulated represents the last event of the
day. If the event which has just been simulated is not the last event of the day,
then the next event is selected as a function of the pointer and the probability of
each of the three alternative paths, PRB(IE, IA), given as input data. The pro-
cessing returns to circle d to begin the simulation of the next event in turn.

63




e andino juoao oTdwWIES _ *0-Z 2JNSLd

398Y11YAY 3WI1 ON . 04 3nd a3wond1 St 3 NOTLVHELI ™ ¥ "Avd ¥ ATIRVI lvdad ™~
- L p'0 gT'o a.mm ,-:;;ic.OAmn ) u.oa« N aa.wﬂ.;;.mum 0 89630 ,n:;l.NsulxxL D R
31'0 910 LT brobLy ezt bo'al v16'0 2veic ¢ d ] [

dSY . 4u3d WND_Ld31S_SHH 3101 _d3398 IINIS_ SUH*SIYD SITHOYD. Oybm SHH_AYD SAtd 30914Y4. MNYY M09 034S  3dAL NYW
. e Y S 1 8, 8L 8L nn 8L 8L BLY  BLY  ®1437 SNOD LINN

T T T T TOUTTTTTUTY OUTTOYOUUUR TR T T EQASN SnOd LIND T
- - ‘9Ly ..mhe.-.oNQ LI RIS .whwn..ouowzucnom .opopz.ommmHmpng SNOJ uH ¥3d
‘o o ‘o ‘o ' ‘o o Yo Yo FU38A SNOY uH ¥ad ™

— I R N 6'0 Zv 49'0 OV 4u3d 26° 0 dasV_ n T 20vd 6810 dv9 SAHd

84'T  guM G3NNYWNN 00'p2 SaN3 T£°0 SLSVY 69582 S1yviS ANIAZ 'O G3IHSINIA 0 LIN3IAI Holad S0 @3HOT1MY Luvi

T'E SSIHLS dnOYY
L%¢2 AtYAY NIWTT

e e S % NOLAYMILT ¥ AYD T ATIAVY ulvd3y
N 86'0 £0'0 %0 Y0 8he 8'6gs8  £'9 69411 Sqeio e T T AT T T T
98'0 T3'0 'q ‘o Y'¢z____ 0'vzor.___9'9 £1'as 616'0 grg'o0 ¢ d 9 s

dSY  4u3d wno 1d31s SNM 3701 3315 30NIS SYH*STYD S31HO4YD Qyd¥m SHH d¥D SAHd 3n914Vd wnVu 847 0348 “Fdal NVW

6L 6L 6L 6L 62T T TeLTT 6L 7T 64T TBAY T U6LY TUELATTSNOO TLIINA T

T S T | Tt 3 1 R =03sN Snod LINA

$9LvTToLy 9Ly T ToLy Tiesy iouy Togel 9166 qonoo TG21GTF1337 SN0 ¥ Had
e e e et ‘o ‘o ‘o ‘. .o ‘o o xy3SN SNOD ¥H H3d
, o _ ) 1'0 ZvH 86'0 Qv 4u3d 28'0 4Sv £'G6730vd 06! c d¥) SAHd &9'T $SIULS dnOus ™
0 SuW OANNYWNN 69'€Z SON3 2040  gigvd ¢ hm,mm-m;u<*m=»2m>m,z.hb.famxmaznu D‘-Fzm>w wolud 10 43m0TAY LyVis  2!£2 TIYAY N3W
n noLLvEali T3 TAVET T T T KIAVS alvd3yT—

— 030 AAITYIIN3SSI MOT_ 0L 3nd a3uoNDI SI T nOElva3Ll T Avd_ 0% AN3A3 037nddHas

L e e e e e . . ) P . X
dNo¥9 TINK - 04 3Na a340NDT ST T NOIAVHILLD T AVD 6 IN3AT d3nQaHas ©
—— ; e ...._.....d40DY9 9NN 0L 3Na G340NDI ST ¥ NOIvHBLL _ T Avd_ 8 AIN3A3 G3In03HIS_
68°'0 mm,o ‘0 \s;rqo n.ﬁm,nzlgzsw.cWan., .“.-ﬂow‘. NwmaﬁixIMMa 0 ;‘q«nqazzim!snillxl.im,wz;JN;.;- T

e .....08'0.08'0 . __ ‘0. .. 6'0. 6°'t2 8'ggTe £'s1s 2n'ot g08'0 eve'o 4 [ d £ £

dSY  du3d WND 1d31s suH 37d1 d331S 39N1S SHH*STVD s3tuavd ayym SHH 4¥0 SAHd 30911V3 ynvy wd9

3348 T3dAL NYW T
43T SNODTLINN T

R Y 172 VR ¥ ' I YRR ¥ VAR P T R 11

e e . T 1 T 1 R 13 3 T 038N SNOJ LINR
. .ose ,cn¢ ‘0Lp '0Lv Y0sp ‘Osv .ono. “ohom Y0.66 Y02T6TEL 437 SNOD YW ¥3d
R v R by by 'y .v iy £43SN SNOD M ¥3d

o . 3! v 2¥H 66'0° Qv 4834 80 45v 2'T 30vd 68'0 dv5 SAHd 23'T sSIULS dnOMY
_£6'3E 8N4 OINNVWNN. 09'02 SGNI TT'¥ _SASV_ 6¥19% Sluvis iN3AZ  '0 Q3HsINI4 0 IN3AZ wolud 059 g3M01Ty Lu¥is _G'9T VAY N3W

S T w~oOlivysil % Ava (L “IN3A3 Q4InQ3HIS T
.. 68%0 680 'O 4t @'s%v . L'gest | 0'guy 9v'y _et0'% Cegi0 _ ¢ 4 & 8
28°'0 2g'0 ‘o o b'.3 6'08tT viveL 0v'9 T00't fug'o 1T ) d i1 2

dSY_ du3d WNO 1d31S_SHH 3701 d331S 3INIS SHH*STIVD S3I1H0AYD OyM_ SEM d¥D SAHd 3nDI.Y4 ynYy uQY  93dS  3dAL NYW

R -Y SU, -1 2 eL 2L 29 2L eL %4 2Ly 9% %1437 SNOD LINA

G [ S 4 [ < q & ¢ e TTTRAASN SNOD LINATTT
e I nvnwi:mvhv.‘nvnvt..vhv!,“VNv:-.qu|;"vsov,.vhom {7466 1v23GTEL4T SNOD WM ¥3d
1 1 '3 'y ‘1 't 0, "o "y to  T=QISH SNOD MH ¥3d

e e e O —— §'0  ZvH £0'Y v J¥3d 68'0 4SY_ 0'T 30vd T0'T dVO SAHd 92'2 SSIULS diduD
"0 Suk O3NNVWNN 6¥'9T SONI 6'0 SISYY 00'9% sluvis IN3IA3 ‘0 G3MSINI4 0 INIAZ ¥olsd o0 d3M0TIv Luvis 09T VAV NIW
I e e ‘ S T__NOLLVHI3LL T Avg € AN3A3 AINEOuINT

g 8% 3avg 7 TThessoryy T ar i mpr I STy THAR vASAYN=+8391Ad3S VI 1 9610RIASE T3 Nddy




If the event just simulated is, in fact, the last one of the day, then the
computations continue with the determination and summarization of several end-
of-day conditions. These are:

average physical workload APW(M) each man
primary competence PCOM (M) each man
current crew competence CCC crew
physical incapacity PI each man
safety index SI crew
crew mental load CML crew
average equipment performance level AEPL crew
equipment performance efficiency EPEFF equipments
system performance efficiency PEFF system
system reliability level SRL system
system performance level SPL system
system global effectiveness measure SGEM system

Average Physical Workload

As a measure of under/over exertion for each man in the crew, the value of
average physical workload, APW(M), is calculated. It is determined for each crew
member as follows:

calories expended during day's work < no. of hours worked
calories per this man's average day no. of hours in average workday

APW (M)

1]

IDC(M) TW(M)
CAL(M) * WORKI1

This variable provides a measure of load on personnel, and in that regard may be
partially redundant with the unadjusted number of hours worked each day.

Competence Upgrading

To implement crew learning in the course of a simulated mission, the logic
calls for increases in primary competence on a daily basis for each crew member
whose competence in his primary specialty is less than his current aspiration. The
mission is assumed to be sufficiently short so that no degradation of competence
occurs in an unused skill, and it is assumed that failure in performing an event
does not degrade competence.
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The competence upgrading scheme is based on the work of DeJong (1957)

and of Crossman (1959). Of particular importance was the work of Blackman
(1936) and Crossman (1956), which indicated that performance proficiency (here
termed competence) on a given task (event) continued to increase even after 10, 000
"trials, "

In updating TPCOM(M) at the end of each day for man M, the following for-
mula was developed:

TPCOM(M) = PCOM(M)+ [CASP(M)- TPCOM(M)]NU(M)[0. 0017]

where NU(M) is the number of successful events participated in by man M on day
ND. The constant, 0.0017, was determined by the condition that in 30 days,
PCOM(M) shall not increase by more than 0.1 from an initial value of 0. 75, based
upon 80 events per day for a given M with a maximum value of unity for CASP(M)
representing optimum aspiration.

Table 2-3 gives results for PCOM(M) for the constant selected:

Table 2-3

Maximum TPCOM after Various Numbers of Days

Number of Days PCOM(M)
0 . 7500
10 . 7892
20 . 8222
30 . 85005
50 . 89335
100 . 9545
200 . 9917

After a new value of primary competence that has been calculated for
each man in the crew, a current crew competence, CCC, is determined as the
average of the individual values.

End-of-Day Performance Measures

. Table 2-4 presents a summary of the end-of-day measures calculated to
summarize human, equipment and system performance.
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To recognize the importance of equipment performance in the total mis-

sion effectiveness measures, two values are calculated at the end of each simu-
lated mission day. This serves to quantify how well the ship's equipment perform-
ed during the day. The first such measure, the average equipment performance
level, AEPL, is merely the average of EPL values taken over all equipments.
The second is the equipment performance efficiency, EPEFF, calculated as AEPL
times the ratio of the sum of average repair duration input data value, ADUR(IET),
for the day's repair events to the sum of actual repair times for these same events.
As such, it represents a measure of equipment performance based on simulated

repairs each day.

Next, the human performance efficiency for the simulated day is calculated.
It is the sum of three factors. The first and most basic is the ratio:

11

SEF
ISIE

sum of event performance efficiency values
sum of event essentiality values

1

This factor then measures the effect of performance adequacy, leader's aspiration,
and K7 values over the events performed for the day. The second is a factor which
measures degradation due to the total amount of unmanned station hours for the
day normalized by dividing by the total number of crew working hours:

USHT

1 - GC)WORK D)

The last factor is a degradation of human performance efficiency due to the extent
to which events were ignored,

1 - NIGR
NTE

where NIGR is the number of events ignored and NTE is the total number of events
simulated during the day.

In order to calculate system reliability level, SRL, combining both human
and equipment reliability measures, the range of variation of each was normalized.
Here, it was assumed that the average performance over all men in the crew would
be in a range from 0. 65 to 1.0, i.e., '

1C :
0.65 <X= Z PERF(M) <1.0.
M=1

This range of values and the values for the equipment reliability range were select-
ed initially on the basis of judgment as to anticipated results from the model. How-
ever, additional experience is required to confirm them and, therefore, they are
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subject to change. It is anticipated that such change will be implemented to allow
a wider range for equipment (hardware) reliability. Then, a new value, X' =

X -0.65/1-0. 65, was defined whose range, based on X, would be from 0 to 1.
Similarly, on the basis of an estimation that the variable AEPL, average equip-
ment performance level, would lie in the range from 0.9to 1.0, i.e., 0.9< Y =
AEPIL < 1.0, a new variable Y'= Y - 0.9/1 - 0.9 was defined. This variable is
based on Y, whose range would be the same as that of X'. What is desired is the
combination of X and Y in such a way that the result, SRL, would be expected to
lie in the selected range 0.7 to 1. A concave relationship was selected for the
combination:

Z' = X' Y
Then, converting Z' by linear scaling we have:
Z =07+ 2Z'(1-0.7)

Thus, Z' will vary between 0 and 1 when Z varies between 0.7 and 1.0, and to ob-
tain Z, we have:

Z = SRL=0.7T+ X'-Y'")(1-0.7)

SRL= 0.7+ 8.571(X - 0.65)(Y - 0.9).

)

A corresponding treatment was given in the calculation of system perform-
ance level, SPL, from PEFF and EPEFF:

SPL= 0.7+ 8.57T1(PEFF - 0.65)(EPEFF - 0. 9).

To combine SRL and SPL, each of which varies from 0.7 to 1.0, a convex

treatment was selected. This combinatorial technique is also subject to revision.
Here we let:

SPL = P

~|O ~|
!
Al gl

SRL = Q'

1

ole oo

R -y L L Q)

(It is noted that SPL and SRL are figures of merit or "scores" calculated on a known
but arbitrary scale. They are not probabilities as such. )
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Then, the combination of SRL and SPL, called general system measure,
equals: '
SGEM = R= 0.7+ R'(1-0.7)

- 2 - 2
) 0.7+J(SRL 0.17) ;(SPL 0.7)

This measure, like SRL and SPL, is a 'figure of merit" or "index of effectiveness"
rather than a probability measure. Further work is anticipated relative to the re-
finement of a total effectiveness measure.

Physical Incapacity

Except on the last day of the mission, the calculation of physical capability
is now performed again in the same way as described above under the heading "Crew
Formation and Initial Value Selection. " Here, again, at the end of each day of the
mission (except the last), a determination is made regarding which crew members
are to be simulated as degraded (sick) and, if so, how much, and for how many
days. The only added processing required at the end of the day is the bookkeeping
to reduce the duration of the incapacity, PI2(M), by one day for each man already
incapacitated. If PI2(M)= 0, indicating that crew member M was not incapacitated
in the preceding day, then PI(M)= 1.0. If PI2(M) = 1, indicating the duration of the
crew member's incapacitation, then PI2 (M) is decreased by unity and his incapacity
level is indicated by PI(M).

Safety Index -

Another end-of-day processing calculation is the determination of a safety
index, SI, for the crew. This index is formed as a function of the event hazard
codes assigned to events performed during the day and of the length of time spent
in each of these hazard classifications. A safety index of unity is optimum, that is,
minimum hazard conditions possible; a safety index value of zero indicates the
worst possible hazard conditions.

The event hazard values for all events of the day are cumulated and called
total event hazard, TEH. This value is then divided by the total maximum possible
value for the daily event hazard. The ratio is called the hazard ratio:

total event hazard for day
maximum possible hazard for day

HR =

TEH
9(THW)

IC
where THW, the total hours worked, = 1\/? 1TW(1\/[).
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Having determined the hazard ratio, the computer then determines the safety in-
dex as follows:

SI - -2-(1 - HR).

This relationship is shown in Figure 2-11 and is based on the fact that event hazard
assumes values from 1 to 9.

Thus, the index equals zero when all event time is spent in a maximum haz-
ard condition and equals unity when all event time is spent under minimally hazard-
ous conditions.

Safety
Index,
SI

Hazard Ratio, HR e——

Figure 2-11. Safety index.
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A revised scaling of crew mental load is accomplished so as to be consis-
tent with 0 to 1 scaling used for the physical load variable:

CML
CML = 5Tmw)

End-of-Day Sleep

At the completion of the processing of all events for the day and various end-
of-day calculations, the model determines the end-of-day sleep requirement and the
corresponding fatigue level for each man. Prior to simulating each event, the mod-
el checks to determine if conditions permit the selected crew members to sleep be-
tween the current and their prior work event (these conditions are time available,
catnap time threshold, and fatigue level threshold). Thus, the program provides
for operators taking their sleep periods during the 24 hour days, as conditions per-

mit.

Since conditions may permit additional sleep at the conclusion of all work for
the day, the processing logic provides for determining the end-of-day sleep status
for all crew members. This process determines how much sleep each man should
have between the last time worked, Z(M), and the day's end, 24.0 hours. If the
time available for sleep, 24-Z(M), exceeds the parameter CN + 0.5, and if the
crew member has not had his full quota of sleep for the day, MAXSL, then a sleep
period is simulated by calculating sleep duration (limited to MAXSL). As the re-
sult of this sleep, new values are generated for time fatigue (reduced due to sleep
relief), hours since last sleep, HSLS(M), and a physical capability, PCC(M), all ef-
fective at the start of the next day.

End-of-Day Recording

The basic computations completed, processing now turns to reporting of re-
sults. If print Option 6 has been taken, the summarized results of the day just sim-
ulated are recorded for printout on the computer's high speed line printer. Fig-
ure 2-12 shows a sample tabulation. The first section provides summarized event
and status information for the overall crew performance. Most of the headings
shown are self explanatory. All times are given in hours. The AVG PERF ADEQ
(average performance adequacy, third line) is a mean of the performance adequacy
value of all events performed. The AVG FAIL DIFF (average failure difference) is
a mean, taken only for failed events, indicating the difference between performance
adequacy, (PA), and the required performance level, CASP(LI):K7. The second
section shows important data summarized by man. These results are either totals
for all daily activity (hours worked, slept, idle, number of events successfully per-
formed), or represent end-of-day conditions (fatigue, aspiration, competence).
Averages for all of the elements in the second section follow the individual crew .
member summaries and represent daily summaries for simulated variables for the

day.

72



"SUIPICIST ABp_JOo-puo o[dWES

e ey e e e .

"¢I-¢ 9JINSTg

91'0 =W3os 68%0 =7ds 66'0 w7NS 4349 T =yliua 66'0 ®4EiNG €D 43343 e9to wvdav
e ) e e ~ L o 08'0 6%%9 66'T 00'T ¢
T 29ve 6519 66'f "0Tly 2T
e _SP'0__9v'9  00'8_O0b'CT F
PE] ino 402 TTiwvd el
_ Viva 3ONYWHOINA4 IN3WdINO4 A4Iva -
00's 9’0 94'0 P60 4940 00t 20'0 11, 0's ‘07 eg'e  £pe'0 0oy Ty
_00'c _68'0__ 68'0 096 .0 88'0 _00%1  t9'o glor _s'z_ 0 9g'g 1-:30..“.!: 6 1
00'2 £1'0 £0°0 99630 0g'T 003 oo'y olzt " ‘o ‘0 00'gzT 2im'o0 8 i
e 00°'s 00't a8°'0 _...286%0  _gp'0  B0°'T L0'0 0y 0'g '0 LY I L T-01 DR S
00's 9T'0 1140 62640 0£'2 0o't 96'0 9lq ] ' bp'pt  206'0 9 3 )
00'2 _66'0 _ _ 46'0 __ ____ 0%6'C Tl 0ot ‘0. 'y gy L0 00'y T20'T._ v %
00'e 0g8'0 08'0 oge! 69'0 00't 99°'c Tt s'2 ‘0 20'0T 958'0 £ 3
e . 0O0'¢ 84'0 _ . 8L'0 e P60 . G£'0 . 00't 6000 . a'g  e'L . _'0 _9%'9o _gHI'T _ .Y 2
. 3dAl T ON T
S ) e I S .. _._._4dAb_A8 s3oveday T
BT 6L'0 .19'0 TEve'0 2 0 00'%  e2'0 Tglg 02*'3 T 01's  686'0 " NYW ¥3d
e e e _ - _— e e . SOV RANY.
. 't 9L'0____eet0o $£640 g49t0 _ _00'Y _ zo'o___ 3'sz __0's ‘0  e8'g fve'0 0T 6
‘g 680 680 0vs'0 gg'0 00'3 1940 s'ot sle 'Y 95t T9g0't 6 8
T £1'0 £0°0 99s'0 ogit  00'3 0ot 0izt o ‘0 00'2F 2.08'0 g L
'L 00's gg'0 2u6l0 gv'o 00’3 00 T olz 0'eg T TRe'Z Tite  Tyetd TTL T 9T
~ e §T'0 _ tT'0  ges'l 0e'e ou's 96%0 9lg ‘o ‘0 wplet 206°'0 9 ' 4
‘2 660 6610 TTTTOT610 T Tept0 T U008TTTT  do TTTglg gty T gty T 0oty Te0't [ —
R og'0  08'0 ___ 0g6'0 __ s9'0 . 00'%  g9ig TITT s'2  '0  20'0F 95g'0 £ £
‘e ¢g8'o 28'0 LL6'0 gzto 00't 2t'o 9lor o'y ‘0 Op'e o Le0'y T Y T 2T
__.'e  __ ¥l'0 __bvito 0260 _ .9v'o 00t g0to £V &'L_08'S  T6'G  v61't } \ 1
Yaons Wng avoINHOM  xadat ‘e ‘Hliud tavd oW
e mee e H3BWAN  WH04¥3d  NOTAVHIJSY. 3ONI1d4WOD  SAnd OAY  HLIVEH  3n91ivd 3701 id3Ts  Qdxdon SHNOK _ TVOISAHd__3dAL NYW
- - fo0ey tuey 04y 0Ly 0¥ 'Ry Y0seb ‘046G '0u66  '02TGT (MH/SLINA) 'TIVE 'SN@d
T 17 TR 7 19 T 1° 1L T T 39y (siinn)~f1vg dsNoo ™
& _3lvis v3s ¢  iN3AZ No ‘gozb 030N3dX3 "y ‘XYW g2 IN3IA3 NO 'pT OV0T WiINIW XYW £02 IN3A3 NO m.ﬂ £ SSIULS ‘xVw
. ‘L9 ‘v ze1'o 443 443d ¢1'o avol WiN3wW £0:3 X3ONI At34vs .
S ... t's2 S1y3d3y £TV GIYONDL ‘0 A¥L UMZ '2D0S  TYLE AML iST ‘20N p'16 IHNTIVI=-=40 39VINIDeId
2£0%0 4410 Ylvd 9AY C6°0 034y 483d AV 9'68 G3INNYWNN 6'QT  "¥3W3 9%tz divd3d 2'Ge  QINNUIHOS L°Z6 Ivi0l=~<03INHOM SHNOK -
e P __ S3MOND! 8T mwmaJH: ¢1  S3ss320nS 6 Sivdday 4 ADN39Y3IWT 6T Mlivd3id 0¥  U31nd3Has S®  IYL0L=~<SiN3A3 'ON
T Noldvdadl 'Y Avd 404 L¥Ld438
63 39vd $L/50/1% grIMPr YRSy TN v3SAYN=2S301A43S IVI1900HIASE 03] 7ddy T




Summarized are; the total number of events scheduled, events worked, re-
pair events, emergency events, repeated events, successes, failures, and ignores,
total hours worked, time spent on scheduled and repair and emergency events, un-
manned station hours, average performance adequacy, average failure difference
percentage of tasks failed and succeeded on first try, percentage of tasks succeeded
on second try, and percentage of tasks ignored and repeated. Also, presented are:
the safety index, competence increase, confidence, hazard, consumable balances,
maximum stress and on which event, maximum mental load and on which event,
maximum calories expended and on which event. A summary table is presented
including for each man his physical capacity, hours worked in primary specialty,
hours worked in secondary specialty, hours slept, hours idle, fatiguelevel, health
index, average physical workload, competence, aspiration, performance (cumula-
tive) and number of successes. Each of these variables is also averaged across the
entire crew. A summary table of these variables is also presented by type of man.

Eleven reliability related variables are also summarized in the end-of-day
printout. These are: average equipment performance level (AEPL), equipment per-
formance effectiveness (EPEFF), equipment mean time between failures (EMTBF),
equipment mean time to repair (EMTTR), system reliability level (SRL), system
performance level (SPS), system general effectiveness (SGEM), and, for each
equipment, equipment performance level (EPL), current average repairtime (CART),
current down time (CDT), and current up time (CUT).

These same items are given in the third section of the end of day recording
as a mean by type of man, where type is generally synonomous with work specialty.

Fnd-of-Iteration Summary Calculations and Recordings

If the day just simulated was not the last day of the mission, then the day
number, ND, is increased by one, and the entire process is repeated for the next
and subsequent mission day's events by returning to circle c of the model flow chart.

After the last day has been simulated, several end-of-iteration summary cal-
culations are made and the end-of-mission iteration record is made for later print-

ing.

However, just prior to the recording, seven mission iteration human and
equipment reliability summary measures are calculated as shown by their variable

name below:
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Reliability Availability
MTBF MTTR
HUMAN HMTBF HMTTR HAVAIL
EQUIPMENT EMTBF EMTTR EAVAIL
SYSTEM - - SYSAVAIL

These data are calculated from other available iteration summary values as
shown in the flow chart at circle K, based upon the basic definitions of MTBF and

MTT d AVAIL = _MTBF
R and AVAIL = o =T TR -

The resultant recording of iteration output is then made. This recording
contains such summary items as: number of events successful on first and second
try, number of events failed and ignored, average man hours spent in primary spe-
cialty, in secondary specialty, hours spent sleeping and hours idle, consumables
remaining, averages of physical load, mental load, competence, average perform-
ance adequacy, average fatigue, average aspiration, average health, and average
safety. Fach of these variables is also summa rized as percentage of total, aver-
age per day, or percentage of original, whichever is appropriate. Summary by day
(including an average across days) includes: number of repair or emergency events,
average man hours spent doing repairs or handling emergencies, maximum stress,
maximum mental load, confidence, hazard, average failure difference, number of
successes and unmanned hours. A summary table by day and man type is provided
for the following variables: physical capability, hours spent on primary and second-
ary specialties, sleep time, idle time, fatigue, health index, average physical work
load, competence, aspiration, cumulative performance, and number of successes.
Averages for these variables across types by day are also provided.(Figure 2-13).

Reliability metrics provided at the end of each iteration are human mean
time between failure (HMTBF), equipment mean time between failure (EMTBF), hu-
man mean time to repair (HMTTR), equipment mean time to repair (EMTTR), human
availability (HAVAIL), and equipment availability (EAVAILL. A composite reliabil-
ity metric of system availability (SYSAVAIL) is also provided.

Following each such mission iteration of ND days, a check is made to deter-
mine whether all N mission iterations have been completed. If not, the entire proc-
ess, as described, begins again for the next iteration at circle a of the flow chart.

If N mission iterations have been accomplished, then the results of all of the
N iterations are summarized, a new set of parameters is called into the computer
and is recorded. The run summary tabulation output provides the summary of each
andalliterations of the run in a tabularform whichis similar to theiteration summary.

This entire process, then, results in the simulation of N iterations of a mis-
sion for each of several parameter sets and continues until the computer has proc-
essed all parameter sets provided as input.

75




WC.:U.HOOO.H COﬁHN.H@u.HI.ﬂOl@W.@i;w._wm&.mm ) WH N O.Mﬂﬂm.nrum: T -
———e 19379 TwyllW3 08¢0 wdaind
yrie  0s°0 - 190 T £68'0 00°% 65’0 8's &'r  02'F 0%'s 666°0  sdoveIav
T e0ve T T T egte T T T T T e T T T Zfoirll-no&.i,..., TT00%%T T 2oYo T Twiz TTo's T '0 TTee's T Eestd T O e T
—00fs__ eRl0 680 0v650 8840 003%.  __19%0._ GlOT_stz . FO'T  9c's  960°%  6 8
00éz gtio £0'0 99610 osit 00f3” Toois A '07 70021 "248‘0 "R
e B0Yp 00T 88'0 . 2w6i0 __ epi0 0033  g0%0 . 0%¢ 0te__ bel2 Tl %ee'0 49
00'g - 910 110 ce6io 0g'e 0oiy 9640 9lg ‘g "0 pp'gT T206°0 T 9 s
00z .. &8'0. 66'0 01640 vy 0 0o%t ___ %o g's . g¢'t __ &&'v _ 00'y _ Te0'l b L4
00'¢ 0g8'0 0g'o onomo 69'0 00!t 9940 "1t ' ‘0 S.S 9680 ¢ £
.. 60'%¢ _2e'0 . ._.28'0 __ ____lLe'0t __ __se'o ____00't _ 2v'o __ _9'ot o't . '0_ Op'e Le0'FT ¥ 2z
oo's "$2'0 VAL 0¢6'0 9v'0 oot L0%0 gle ¢ 08'e ™ T6's  peT'T T
S . — N e N . NYH HOY3 ¥04 AYQ ¥3d $30Vu3IAY
e BO'g 920 . 8L'o .. 3;3 . g9'0 _ -o00'% 20%0  t'z o's ‘0 68'm  £v6'0 A
0otg 69'0 68'0 0ve'o 88'0 00'3y 19%0 gtor &'e ‘0 9g's  950°% ) 3
00'z __ eT'0 . q0'0. __ il...f; 0 08'%_ 0o’ - opo't __o'er ‘o ‘0 o0'2y 248'0 8 3
00'2 00't 88'0 266'0 8v'0 00't Loto ot o's ‘0 :.o LT 1T
—— .. 00'? _9t'0 e TT'0 . _ces'0__ . _o0g'e _ _ o00'% 96°0 _ 9lg ‘o ‘0 vp'eT 206'0 9 T
0otz 66°0 66'0 03610 bp'0 oo't ‘o ele " q'e ‘s 00'y  Tee'y Ty Y T o
pote :_0@'0 . _.p8' ____ 0g6'0 __ __69'0 __ 00t 99f0_ BVt _ 'z __ ‘0 _20'0F 958’0 & % o~
00'e 8.'0 8.'0 &v6°0 ag'o 00’3 60%0 6's 'L ‘0 9149 arT'T T 4
R L 1 [ YWno e o __dvoawdom  x3dn1 QN2 'Wi¥d _ '9¥2  ON
: ¥38WAN WHO4H3d NOTLYHTdSY 30N3L3dW0D  Sand BAY  HLIVAH  3notlvi 3901 1d37s UduH0M SHAOH  IVOISAHd  3dAL
- R T T - T T [ =TI PVE Pt ) W 8- T 1) T
e R'6._%9%e._ ... 00°¢3 ___2L0'0__ . . g2'49_ .Ze¥lo ______ge'vy ___ ev's 6'ct 9332 0%¢ o't  0%6T AvA/S9AY
T0'e 19'ee bo'et elofo  e2'ly 261’0 €2'pl TTetg M3 AT 0V 02 0veT ¥
o 34ViS._ SHMOH _ '00nS e SR o [ »uzwuxwzm;m:umm dd3Y_ . ¥3n3 ¥lvddy
¥3S  O3INNYWNA  N3BWAN 4310 T4 DAY duvave 443 Jy3a @4 NIW XVH SSANIS XVW  AN3IdS sHNOH NVW "3FAY 77 gin3A3 40 ¥IghnN AYT
- T T 7000 T4 00034 000°T4 0CO'T¢ 000¥39 000%%Z 000°FL 000%T4 Ou2lve 002Vee  dvnioluo 40 INIGHId
. 91 T 1L 17 11 T T (7 Tiy Toy . (SLINM) ‘v ‘SN0
296586 £96'E6 £95°86 £96°'6 £96'C6 £947¢6 90b 66 G06ls6 £UL'66 ¥08' 66 TyNIHIYEO "40 TINITHAd
o e %0¢b . ‘04w 'OLy  ‘uey 0Ly ‘0iv ::2‘ Y0s66 .ioo .omﬁ; i.%\f_,z:,:..:ml.m%@ll
£0'% 00't 29'0 6£'0 06'0 sveio £1'0 £8'0 cole oty 02'T 08's T THMEY T 't 'O TIVIS
— ... AYQ ¥3d 3ovN3AY e AVO ¥34 39V43AY  =sedqviol v AN3ID¥3dess
— f0'3_00't_«9'0. 6slo. ve'o eve'o €70 . s8'Q e £8'8_(8'y  02'T f. o sevr ‘0 et %Y
AL4S HLTM dsY ‘LV4  VdY dW0o3d Q7 N3W 07 SAHd 3741 43315 anoda$ Luldd 3doNOl NIV 2008 TINS
.. S321QONl Wee=e=-ae=g3gyy3AY AVQ 40 GNAS-eeescsss o IN34S S¥NoW NYW 'HAV SLNIAD 4u ¥IYWAN  Ava
~==nplsSIn AVQ T 4o T nollivy3il dod Ldgd3ly
- T - 02 39Yd i /76073 T AR OMPA A Y U sty 1HAH YASAYN=<4S4D1A43S v {90 10KMIASy T3LNddYT T T



CHAPTER III

INITIAL MODEIL APPLICATION--SENSITIVITY TESTS

The model described in Chapter II was applied to a hypothetical mission.
The mission was developed specifically for assessing the logic of the model's out-
put and for obtaining an initial estimate of its internal validity. The mission was
general in scope and involved typical work events as found in many Navy shore
and sea based systems. However, the mission was not intended to reflect accurate-
ly any specific mission. Rather, it was developed to provide a basis for experi-
encing and evaluating the model's internal structure and its output. Such a hypo-
thetical mission possesses advantage because certain model features may be inade-
quately tested in a usual mission. For example, emergencies or repairs would oc-
cur so infrequently that test of features related to these variables would be insensi-
tive or require an inordinately large number of iterations per run.

This chapter discusses the mission developed, the related input data, and
the results obtained from the sensitivity test analysis.

Mission Events

The mission developed for model sensitivity test involved 27 events. These
were subdivided into 10 scheduled events, 14 repair events, and 3 emergency
events. All 27 events could occur on any given day with stochastic processes de-
termining both the actual events which occurred, as well as their sequence of oc-
currence.

Scheduled Events

The 10 scheduled events were subdivided into two scheduled event families
with four and two events, respectively, and four single events. Figure 3-1 shows
a sample portion of the computer tabulation of the scheduled event input data. The
following explanation of scheduled event 3 (Figure 3-1) illustrates the meaning of
the data relative to this event. Scheduled event 3 employs event type number 11
(IETYP = 11), uses the third set of thresholds for units per hour consumable con-
sumption (TSR = 3), uses the second set of thresholds for units consumable con-
sumption (TSRI = 2), and is neither the first nor the last event (IFOI = 0) in family
two (IEFW = 2), which consists of four events (NIF = 4). Also, scheduled event 3
is followed by scheduled event 4 [NX(1) = 4 and PRB(1) = 1.00]. Before scheduled
event 3 can be started, precedent event 1 (IPE = 1) must be completed. Scheduled
event 3 can be touched up (RTU = 2)and must be completed by time limit 0730 hours
(TL = 7.30). It must start by 0345 hours (ST = 3. 75).
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Repair Events

The 14 repair events were subdivided into two repair families with eight
and five events, respectively, and one single repair event. The eight repair
event family was designated as repairing electronic equipment. The five repair
event family was designated as repairing electromechanical equipment, while the
single repair event involved a mechanical repair. Figure 3-2 shows a sample of
the computer tabulation of the repair event input data. The following explanation
of the third event in the electronic repair family describes the meaning of the in-
put data for repair events. This repair event employs event type number (TYPE= 3)
with event 2 as the next event to be performed [NX(1) = 202; 202-200 = 2 with 200
subtracted as repair events begin at that location in memory] with a probability
equal to 1.0 [PRB(1) = 1.0]. If performed unsuccessfully, the event is not re-
peated or touched up (RTU = 0). There is no required precedent event (IPE = 0).
Repair event 3 is not the first or the last event (IFOI = 0)in family 1 (IEFN = 1),
which is composed of a total of eight repair events (IRE = 8) Like all other events
in this family which is employed in corrective maintenance of electronic equipment
number 1 (IQ = 1), no data change options are in effect [IEDC(1-3) = 0; IEDC. (1-3)
= 0). Equipment 1 has: a reliability of 0.1 (RELH = 0. 1), an intermittent failure
rate of 1,00 (TUI = 1, 0) per hour, and a maximum repair time of 5. 00 hours (DTR
= 5, 00).

Emergency Events

No families are involved in the simulation of the emergencies. Three types
of emergencies were included in the sensitivity test data. Figure 3-3 presents the
computer tabulation of the emergency event input. The data for emergency event 2
(K = 2) will serve as an example. The average event time is expected to be . 70
hours (ART=.70), with a standard deviation of . 10 (ASDE = 0. 10), and a maximum
of 1.20 hours (DTE = 1.20). The rate of consumable expenditures (units per hour)
is shown to be 10 for consumables one through four [IRCE(1-4) = 10] and zero for
consumables six through ten [ IRCE(6-10) = 0]. The threshold set used for these
consumables is 1 (TSE = 1). The rate of consumable expenditure (units) is shown
to be five for consumables one through five [IRCE1(1-5) = 5] and 10 for consum-
ables six through 10 [IRCE1(6-10) = 10]. The threshold set used for these consum-
ables is also 1(TSEl = 1). The mental load involved in this task is 2(LODME = 2),
the essentiality is 75(IESSE = 75), and the hazard class is 2(IHE = 2). Seven men
are necessary for this emergency with types (NREQE)--and expected energy con-
sumption by type (IECE) in parenthesis--one [IECE(1) = 180), two [IECE(2) = 180),
four [IECE(4) = 638], eight [IECE(8) = 720], nine [IECE(9) = 720], and ten [IECE(10)
= 720] required. Two type 10 men are required [NREQE(10) = 2].
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Event Types

Scheduled and repair events are all associated with event type data. This
feature allows flexibility to the analyst in coupling events with different critical pa-
rameter values. Figure 3-4 presents a sample portion of the computer tabulation
of the event type data. Event type 11 (J = 11), which is associated with scheduled
event 3 (explained earlier), will serve to illustrate the meaning of the event type
data input entries. This decision event type has an essentiality of 99 (IESS = 99), a
mental load of 2 (LODM = 2), and a fixed end time (KE = 1). It is not a training
event (INT = 1), has a hazard class of 1 (IH = 1), and requires five men with types
(NREQE)--and expected energy consumption by type (IECE) in parenthesis--two
[IECE(2)= 216], five [IECE(5) = 216], seven [IECE(7)= 216], nine [IECE(9) = 250],
and ten [IECE(10) = 250]. This event type has an expected average duration of five
hours (ADUR = 5) and an average duration standard deviation of 0. 1 hours (ASD =.1).
The class of the event is 3 (CLASS = 3), and one equipment (NIQR = 1) is required
--equipment number one [IQR(1) = 1]. The expected consumable usage in units per
hour is one [IRC(1-10) = 1] and in units it is also one [IRC1(1-10) = 1].

Parameters

Computer input data were selected so as to allow initial exercise of the ma-
jor model features.

Following data preparation, a variety of computer simulation runs was com-
pleted employing a range of parameter values in order to allow evaluation of the
sensitivity of the model to variations in parametric input and how they affect vari-
ous reliability metrics.

Table 3-1 shows the nominal values, or conditions, for each computer run
performed.

Table 3-2 presents the matrix which was used in the assignment of person-
nel crosstraining probabilities. This matrix presents the probability of a person-
nel type with a given primary specialty being crosstrained in a given secondary spe-
cialty. These values were obtained through interviews with persons who were patrol
boat members and were used in the Siegel et al. (1972) study.

The parameter values varied for the seven sensitivity test runs are shown
in Table 3-3. Each set of values in a computer run was designated a ""parameter
set' and numbered one to seven, as shown in Table 3-3. These parameter values
allow the comparison of such effects as varying workday length, crew proficiency,
and sea state on output measures such as the number of repairs successfully com-
pleted.
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Table 3-1

"Standard'" Parameter Set Run Conditions

Parameten
Average psychological stress threshold
Workday, assignment limit
Workday, maximum
Hours since last sleep at start
Catnap threshold
Maximum sleep permitted per day
Fatigue threshold
Average crew pace
Average daily calories per crew member
Average short term power rate (cals/hr)
Acceptable performance constant
Work factor constant
Consumable levels: (units/hr)

Consumable levels: (units)

Initial aspiration level
Number of iterations
Essentiality threshold
Sea state

Personnel Data
Mean body weight of total population

Standard deviation of population body weight

% crew fully qualified in prime specialty

crew minimally qualified in prime specialty

crew fully qualified in second specialty
crew minimally qualified in second specialty

C
%
% crew unqualified in prime specialty
%
%
Q

% crew unqualified in second specialty

Avg. N man days between physical incapacitations

Avg. duration of incapacity (days)

Physical capability constant, a value yielding zero

physical capability due to over exertion
Number of men by type
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FORTRAN
APST
WORK1
WORK?2
SLEEP
CN
MAXSL
TFAT
ACP
CALRY
PWRRT
K7

K1
KON(1)
KON(2)
KON(3)
KON (4)
KON(5)
KON(6)
KON(7)
KON(8)
KON(9)
KON(10)
KON1(1)
KON1(2)
KON1(3)
KON (4)
KON1(5)
KON1(6)
KON1(7)
KON1(8)
KON1(9)
KON1(10)
AASP

N

IET
SESTA

WT
SIGWT
PPFQ
PPMQ
PPUQ
SPFQ
SPMQ
SPUQ
MPT
PID

ZPC
MEN(ICE,NI)

Value
2.30
varied
22.00
1.00
1.00
8.00
0.25
varied
2700.00
440,00
1.00
0.95
15150.00
10000.00
6000.00
500.00
500.00
500.00
500.00
500.00
500.00
500.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
0.85
5.00
0.30
varied

160.50
20.00
varied
varied
varied
varied
varied
varied
5.00
5.00

2.00
varied



Secondary
Specialty
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.99
.78
.79
.56
.38
.36
.81
.21
.26
.83
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Crosstraining Probability Matrix

Table 3-2

.65
.00
.46
.72
.27
.22
.39
.06
.16
.00
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.71
.65
.00
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.12
.42
.72
.12
.85
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.25
.63
.11
.00
.62
.06
b
.10
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.97

Prime Specialty
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.08
.31
.13
.71
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.21
42
Y
0.04
0.87
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6

.18
45
.12
.35
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.00
.72
.37
.60
.71

7

.18
.38
.43
.21
. 26
.52
.00
.55
0.23
0.82

O OO0 O OOo

0
0
0
0

0.
.ok
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.00
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.13
.23
.16
.16

32

0.18

0.
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Table 3-4 shows the personnel assignmentmatrices for crew echelon by per-
sonnel type for the two crew sizes (9 men and 14 men) simulated. The decrease
in crewsize from 14 to 9 results in the loss of one type one man from crew echelon
one, one type two man from crew echelon two, one type five man from crew echelon
three, and two type ten men from crew echelon four.

Table 3-4

Personnel Assignment Matrices for Crew Sizes of 9 and 14

Crew Size of 9

Personnel Type

1 2 3 4 5 6 7 8 9 10
1 2 0 0 0 0 0 0 0 0 0
Crew 2 0 0 1 1 0 0 0 0 0 0
Echelon 3 0 0 0 0 0 1 1 1 0 0
4 0 0 0 0 0 0 0 0 1 1

Crew Size of 14

Personnel Type
1 2 3 4 5 6 7 8 9 10
1 3 0 0 0 0 0 0 0 0 0
Crew 2 0 1 1 1 0 0 0 0 0 0
Echelon 3 0 0 0 0 1 1 1 1 0 0
4 0 0 0 0 0 0 0 0 1 3

Note that a variety of differences were selected in an attempt to assess ef-
fects on the model's output for sensitivity evaluation. These changes in output,
when viewed in the light of input change, may be used to determine the realism
(agreement with logical expectancy) of model's output responses both in direction
and magnitude. To allow appraisal of the model's sensitivity, the results achieved
will be presented in groups of parameter set runs which concentrate on a selected
facet of the model's response. For example, parameter sets 1 and 2 allow a de-
termination of the effect of crew size. The only change in parameter values between
the two computer runs is crew size. Similarly, a comparison between parameter
sets 3 and 7 allows quantification of the effects of variation in average crew pace.
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Results

Crew Size

The results from parameter set 1 versus 2 and 4 versus 6 represent the
effects of variations in crew size on the completion of the events in the simulated
day's work, Parameter sets 2 and 6 include crew sizes of 9 men, while parameter
sets 1 and 4 are simulations of crews with 14 men. Parameter sets 1 and 2 both
involve: long workdays, low proficiency crews, average Crew pace, and rough seas.
Parameter sets 4 and 6 both include: short workdays, high proficiency crews, aver=-
age crew pace, and calm seas.

Figures 3-5, 3-6, 3-7, and 3-8 present the effects of crew size variation
on selected simulation output. The first of these figures indicates for both com-
parisons an increasing percentage of tasks successfully completed with increasing
crew size. The percentage of tasks failed decreased from 71.2 to 65.9 with in-
creasing crew size for parameter sets 1 and 2, while the percentage of tasks failed
for parameter sets 4 and 6 remained relatively constant. The effects of crew size
variation on task performance accordingly seems to have had its greatest impact
on the percentage of tasks successfully completed. Task success percentage in-
creased approximately 10 per cent for parameter sets 1 and 2 (less than optimal
conditions) and approximately 15 per cent for parameter sets 4 and 6 (with more
optimal conditions). Increases in the number of events failed with smaller crews
seems to be coupled with less than optimal conditions. Large simulated crews were
more able to handle the increased workload. This result seems to be in accordance

with logical expectancy.

Figure 3-6 indicates, as would be expected, that more idle hours and less
work by crew members in their primary proficiency accompanies larger crew sizes.
Idle time was about 20 per cent greater for parameter set 1 as compared with pa-
rameter set 2 and about 10 per cent greater for parameter set4 as compared with
parameter set 6. The decrease in time worked in primary specialty is reflective
of the general decrease in work time per crew man with increasing crew size. This
trend of these results is also considered to be realistic.

Figure 3-7 presents the effect of crew size on average physical workload.
As expected, increasing the size of the crew results in a simulation output which
indicated less physical workload per crew member. The difference in workload be-
tween parameter sets 1 and 2 (less than optimal conditions) and parameter sets 4
and 6 (more optimal conditions) reflects the greater number of events attempted
(not ignored) and successfully performed (see Figure 3-5) by the simulated crew
under the more optimal conditions.
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PERCENT

PARAMETER SETS 1 & 2 PARAMETER SETS 4 & 6

10 1. LONG WORKDAY 1. SHORT WORKDAY
0r 2. LOW PROFICIENCY 2. HIGH PROFICIENCY
3. AVERAGE CREW PACE 3. AVERAGE CREW PACE
4, VERY ROUGH SEAS 4, CALM SEAS
90 |
8o L
% FAILURE PARAMETER SETS |82
70 L
60 L
50 - % SUCCESS PARAMETER SETS 4 8 6
40 L
30 L
% FAILURE PARAMETER SETS 4 8 6
20 L /
0|
i % SUCCESS PARAMETER SETS | & 2
i s

CREW SIZE

FIGURE 3-5. EVENT SUCCESS AND FAILURE PERCENTAGE AS A FUNCTION
OF CREW SIZE.
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FIGURE 3-6. HOURS {AVERAGE) WORKED IN PRIMARY SPECIALTY AND HOURS
IDLE AS A FUNCTION OF CREW SIZE.
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FIGURE 3-7. AVERAGE PHYSICAL LOAD AS A FUNCTION OF CREW SIZE.
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FIGURE 3-8. AVERAGE HOURS SLEPT AS A FUNCTION OF CREW SIZE
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The effect on average hours slept of variations in crew size is shown in
Figure 3-8. With increasing crew size, the average number of hours slept can
be observed to increase for parameter sets 1 and 2, as well as parameter sets 4
and 6. The effect is marginal for parameter sets 4 and 6. For parameter sets 1
and 2, approximately a 20 per cent increase in sleep time was shown with the in-
creased crew size. The increased sleep time available under the more adverse
conditions (parameter sets 1 and 2) is a function of more events being ignored.

The crew size data suggest that the crew size variable is adequately and
logically reflected on a number of the model's output variables. This variable
seems to have the desired effects on event success, failure, hours worked, idle
time, hours slept, and physical workload levels.

Sea State

The effect of the sea state parameter on the model's output was explored by
comparing the simulation results from: (1) parameter sets 2 and 3, and (2) parame-
ter sets 5 and 6. Parameter sets 2 and 3 are characterized by: long workdays, low
proficiency crews, average crew pace, and small crews. Parameter sets 5 and 6
are characterized by: short workdays, high proficiency crews, average crew pace,
and small crews. Parameter sets 2 and 5 have sea state values equal to 9 (rough
seas) while parameter sets 3 and 6 have sea state values equal to 0 (calm and glassy)
seas.

The effects of variation in the sea state parameter are shown in Figures 3-9,
3-10, and 3-11. Figure 3-9 shows the effect of sea state variation on the average
failure difference. As anticipated, both parameter sets indicated a larger margin
between actual and acceptable performance (the failure difference) for the rough sea
state condition. The larger failure differences observed for parameter set 2 as
compared with parameter set 3 suggest that, according to the model, a lower pro-
ficiency crew working a longer worker day will suffer a significant performance
degradation in rough seas and that this degradation is higher than for the short work-
day, high proficiency crews.

Figure 3-10 presents the effects on the percentage of events successfully
completed or failed as a function of difference in sea state. Percentage of failure
appears to increase significantly with adverse weather conditions. The effects on
percentage of success appear to have been greatest in the comparison of parameter
set 2 with parameter set 3. Here, a 14 per cent decrease was indicated.  The
slight increase in percentage of successful events observed for parameter set 5 as
compared with parameter set 6 (adverse weather conditions)(4 per cent) is con-
sistent with the prior indication of the model that higher proficiency crews working
shorter workdays are less affected by the sea state.
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FIGURE 3-9. AVERAGE FAILURE DIFFERENCE AS'A FUNCTION OF
SEA STATE.
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FIGURE 3-10. EVENT SUCCESS AND FAILURE AS A FUNCTION OF
SEA STATE.
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FIGURE 3-11. AVERAGE PERFORMANCE ADEQUACY AS A FUNCTION
OF SEA STATE.
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Figure 3-11 presents the effects of varying sea state on average perform-
ance adequacy (APA). Both parameter sets are in agreement. Each indicates a
decrease in APA with increasing weather turbulence. Also, as predicted, the bet-
ter crew (higher proficiency) of parameter sets 5 and 6 demonstrated higher APA.
In summary, it appears from the average failure difference, percentage success/
failure, and average performance acequacy datathat the model yields results which
are directionally sensitive in the anticipated direction when the new sea state vari-
able is implemented--at least over the ranges tested.

Workday Length and Proficiency

One of the many uses of the model can be phrased symbolically as:

ANB = CND

That is, the occurrence of conditions A and B is approximately equivalent (in terms
of some criterion such as number of successful event) to conditions C and D. An
analyst might, for example, be interested in whether a crew of lesser proficiency
which is given more time to work would perform as well as a crew of greater pro-
ficiency given less time. This type of analysis is illustrated in the sensitivity tests
reported here. In this aspect of the sensitivity tests, proficiency and workday
length were varied concurrently. Table 3-5 presents the workday length-profici-
ency parameter combinations investigated.

Parameter sets 2 and 3 include a long worday with a crew of low profici-
ency, while parameter sets 5 and 6 include a short workday with high proficiency.
Comparisons between the results from parameter sets 2 and 5 and between parame-
ter sets 3 and 6, accordingly provide the desired data.
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Table 3-5

Workday Length and Proficiency Parameter Values
for Parameter Sets 2, 3, 5, and 6

Parameter Set

Parameters 2 and 3 5 and 6
Workday length (hours) 18 12
Primary proficiency

Per cent fully qualified 0 90

Per cent minimally qualified 10 10

Per cent unqualified 90 0

Secondary proficiency

Per cent fully qualified 0 90
Per cent minimally qualified 10 10 -
Per cent unqualified 90 0
Sea State 2 3 3 6
9 0 9 0
Crew size 9 9 9 9

Figures 3-12, 3-13, and 3-14 present the simulation output resulting from
the workday length-proficiency variation. The first of these figures indicates an
increase in the average physical workload with the shorter workday-higher profici-
ency. For parameter set 2 in comparison with parameter set 5, as well as for
parameter set 3 in comparison with parameter set 6, the increase amounted to bet-
ter than 25 per cent. It is possible that the faster crew has to work harder during
the shorter time period allotted to them to complete the day's work and that their
greater proficiency does not offset the necessary increase in physical labor. Par-
ameter sets 3 and 6 indicated a much greater degree of physical load than the par-
emeter sets 2 and 5. This result probably, as has been noted earlier, reflects the
greater number of events ignored under adverse weather conditions.

Figure 3-13 presents the effects on event success and failure percentages as
the result of the workday length-proficiency variation. The percentage of event suc-
cess increased dramatically for the higher proficiency crews. Analogously, per-
centage of event failure decreased with the increase in proficiency. While the short-
er workday would probably have an effect, in and of itself, prior results with an
earlier version of this model (Siegel, Wolf, & Cosentino, 1971) suggest that the
large variations observed in event success and failure is primarily a function of

the variation in proficiency.
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Figure 3-14 presents the effect of varying the workday length and proficiency
on average end-of-mission fatigue. No effect is indicated for the comparison of
parameter sets 2 and 5. For parameter set 3, compared with parameter set 6, a
drop of approximately . 07 in fatigue was indicated in the higher proficiency-shorter
workday combination. Coupled with the results presented in Figure 3-12, this sug-
gests that while the average physical load may increase because of the shorter work-
day, the fatigue level at the end of the day has actually been depressed. The higher
average fatigue for parameter sets 3 and 6 is, once again, probably reflective of the
large number of events ignored during adverse weather conditions.

Integration of results from the three analyses involving comparisons between
workday length and crew proficiency combinations suggests support for contentions
favoring the trend sensitivity of model parameters to variations in these variables.
However, further calibration analysis of the fatigue variable may also be indicated.
The data relative to fatigue, event success and failure, and physical workload, for
the most part, tend to be logical and consistent with the observed trends being in
the predicted directions. These results also serve to demonstrate the utility of the
model for assessing the effects of tradeoffs (e. g., low proficiency and a long work-
day versus high proficiency and a short workday). This type of analysis has tradi-
tionally been found to be useful to the system analyst. In the cases shown, the ad-
vantage of high proficiency far outweighs the "advantage' of a longer workday.

Average Crew Pace

The effect of varying average crew pace on event success and failure is
shown for parameter sets 3 and 7 in Figure 3-15. As would be expected, the per-
centage of events failed increased, and the percentage of events successfully com-
pleted decreased as the average pace of the simulated crews decreased. The per-
centage of events failed due to this 25 per cent decrease in average crew pace (de-
fined as a slow crew) increased approximately 13 per cent, while the percentage of
events successfully completed decreased approximately 8 per cent. These changes
in event performance illustrate adequate sensitivity of the model to variations in
this variable.

Reliability Analysis

Mean time between failures, mean time to repair, and availability were
calculated both for the crew and for the equipment in the simulations involving
each parameter set. Additionally, the overall system availability metric, which
is a function of both equipment and human reliability, was also calculated after the
completion of all the iterations for each run. Equipment mean time between fail-
ures (EMTBF), equipment mean time to repair (EMTTR), and equipment availabil-
ity are calculated within the model in the usual manner. Human mean time between
failure (HMTBF) is calculated in terms of touchup and repeat time, while human
availability (HAVAIL) is calculated by dividing HMTBF by HMTBF and HMTTR.
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These statistics are particularly sensitive to the number and types of events
actually performed during a simulation run. Because of the stochastic nature of
the model and the intention of requiring a large number of unscheduled (repair and
emergency) events in the sensitivity tests, the actual values of the numerics ob-
tained in this sensitivity analysis are of less concern than relationships between
stochastic runs where both a similar number and type of events were performed.

Also, the reliability data reported are only a sample of those actually com-
puted. However, they do reflect the general trends observed. Those analyses
which resulted in counter-intuitive findings are currently being investigated.

The present discussion is particularly interested in the human oriented
metrics--HMTBF, HMTTR, HAVAIL. The equipment oriented metrics are based
on the usual equation and reflect input data.

Parameter sets 2 and 3 differed only in sea conditions. The sea state in
parameter sets 2 and 3 was 9 and 0 respectively. Table 3-6 presents the obtained
reliability values for these parameter sets.

Table 3~6

Overall Reliability Metrics for Parameter Sets 2 and 3

Parameter MTBF MTTR Availability System
Set Human Equipment Human Equipment Human Equipment Avaj_]_abj_lj_ty
2 0.744 3.384 2.71 20.889 0.215 0.139 0.181
3 2.226 3.367 3.06 21.339 0,421 0.136 0.313

The parameter set 2 crew showed shorter HMTBF (as anticipated), shorter
HMTTR (against anticipation), lower availability (as anticipated), and lower system
availability. The reversal of directional tendency in the case of HMTTR is believed
to be an artifact of the low number of iterations included in these sensitivity tests.
However, these results may also suggest that further calibration of the HMTTR

measure may be necessary.

Table 3-7 presents the various reliability metrics comparing the results
from parameter sets 3 and 7. These two parameter sets differed only in the assign-
ed average crew pace. Parameter set 7 represented the slower crew. All the met-
ric comparisons, with the exception of the HMTTR comparison, indicate superior-
ity for the faster crew. There was a considerable increase in system availability
as the result of manning the simulated system with a faster crew. However, again
there is a reversal for the HMTTR comparison. The present thinking relative to
this reversal is the same as that discussed for the prior parameter set comparison.
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Table 3-7

Overall Reliability Metrics for Parameter Sets 3 and 7

Parameter MTBF MTTR Availability System
Set Human Equipment Human Equipment Human Equipment Avallablllty
3 2,226  3.367 3. 06 21.339 0.421 0.136 0.313
7 1.649 3. 536 2. 86 18.130 0. 366 0.163 0.283

The effect of the crew size variable with a short workday, high proficien-
cy crews, average crew pace, and calm seas is shown in Table 3-8. Parameter
set 4 includes a crew of 14 men, while parameter set 6 has a smaller crew (9 men).

Table 3-8

Overall Reliability Metrics for Parameter Sets 4 and 6

Parameter MTBF MTTR Availability System
Set Human Equipment Human Equipment Human Equipment Avai]_abi]_ity
4 5. 314 2.829 1. 88 18. 754 0. 739 0.131 0.531
6 6.953 3.157 4,60 15,829 0. 602 0. 166 0.441

The larger crew indicated a shorter HMTBF, a shorter HMTTR, a higher
AVAIL, and a higher system availability. Here, all numerics are in the anticipated
direction with a 20. 4 per cent increase in system availability resulting from the
increase in crew size.
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In summary, it appears that, as a first attempt at deriving and computing
human related reliability and availability metrics, the model has proved success-
ful. The reliability metric values obtained were, by and large, logical and inter-
pretable. There seems to be some need to investigate more fully the HMTTR met-
ric and to confirm that these metrics accurately reflect the logic of the model, as
well as the real world situation.
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CHAPTER IV

DISCUSSION, SUMMARY, AND CONCLUSIONS

The present study attempted to: (1) extend and strengthen a previously de-
veloped model for simulating the acts and behaviors of the operators of an inter-
mediate size system to include a greater number of options to the model user, (2)
evolve the model into one which produces reliability oriented metrics for both hu-
mans and equipment on both an event and overall system level, and (3) conduct an
initial series of sensitivity tests relating the new variables and parameters to those
already present in the model. The extensions incorporated as well as the new reli-
ability metrics introduced were reviewed earlier in this report.

The results of the sensitivity tests, taken as a whole, suggest that the logic
for the modifications and new variables and parameters as introduced seem to re-
flect positively on the model's content validity. More specifically, the crew size,
sea state, average crew pace, and workday length variables all seemed to respond
properly in direction and magnitude in response to the variations introduced. The
results of the various reliability calculations also seem promising. However, due
to the novelty and uniqueness to this model, it appears that more extensive tests
and analysis is required. Real mission data, as opposed to the high equipment fail-
ure probability and artificial sequencing of scheduled events employed in the test
data set, are required for a more definitive evaluation of these metrics.

Additional calibration and testing of the present model, which represents an
adaptation of the Applied Psychological Services' intermediate size crew model
(Siegel, Wolf, & Fischl, 1969; Siegel, Wolf, & Cosentino, 1971; Siegel, Lautman,
& Wolf, 1972) is currently being performed. However, when one couples the pres-
ent results with the results of the prior sensitivity tests (Siegel, Wolf, & Cosentino,
1971) and the prior tests of the validity of the model (Siegel, Lautman, & Wolf,

- 1972), there is considerable basis for believing that a useful method is evolving.

We note in this regard that additional efforts which will test further the empirical
validity of the present model are anticipated by Applied Psychological Services in
the immediate future.

Stochastic vs. Deterministic Predictive Methods

The present approach is based on the belief that human behavior in dynam-
ic social and work situations cannot be represented by deterministic methods. The
approach holds that the social and work situations contain considerable random
variation and that such variation must be represented in any predictive technique
which is concerned with these situations. The logic of the stochastic modeling ap-
proach is also based on the contention that direct, unidirectional cause-effect re-
lationships are seldom found in social and work situations. It would be extremely
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pleasant for the behavioral scientist if such direct relationships existed. Nonethe-
less, to argue for such relationships is to argue against the whole of individual dif-
ferences in ability, motivation, and attitudes.

Moreover, models of the type here involved possess certain diagnostic or
experimental value. They allow answers to questions like: What would happen if the
system is manned in such and such a manner? What would happen if I increased or
decreased the length of the workday or the physical workday of the crew? Deter-
ministic methods, by and large, do not allow such experimentation. In this sense,
we hold that it is not enough to know that a given system reliability will probably be
attained. It is equally important for a technique to provide insight into areas for
required remedial action. Otherwise hit and miss methods will be employed. Such
methods fail to possess favorable cost/effectiveness due to the time and effort in-
volved in their actuation. They also do not allow the systematic analysis of the com-
plex interactions among subunits which themselves may be nondeterministic.

Summary and Conclusions

This report presented a computer based, stochastic, man-machine simula-
tion model designed to predict and describe the performance of intermediate size
crews and to relate that performance to the reliability of both the human and equip-
ment components in the system. The rationale underlying the selection of variables
to be simulated, the internal logic of each variable, and the expected interactions
were all described. Specific improvements in model capabilities in terms of both
increased storage capacities and the introduction of new variables and logic were
explicitly detailed and related to the calculation of human, equipment, and system
reliability metrics. Flow charts, variable descriptions, and the actual model pro-
gram (which is currently still being enhanced were also provided.

The sensitivity of the model was also tested and evaluated. Variation in
several key variables (such as crew size and workday length) served as the basis
for this analysis. The results of the test and analysis suggest that a reasonable
start had been made toward the goal of developing a stochastic modeling technique
for quantifying reliability and more generally for providing a vehicle for effective
system planning relative to a variety of personnel planning situations.

Specific model modifications and improvements which were implemented. in-
clude, but are not limited to:

® extension of the number of scheduled, repair, and emer-
gency events

® incorporation of the concept of event family for both
scheduled and repair events allowing fine grain analysis
of event performance data
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® introduction of the concept of event type data allowing
the analyst almost an unlimited set of parameter val-
ues which can be used in any run and which can provide
a "bank'" of parameter values which can be used for any
event

® development of metrics for quantifying reliability for
humans and techniques for merging such values with
typical equipment reliability data

e inclusion of the option of introducing shifts into the work-
day

® tracking of consumables on a units level ("spare parts')

Further refinements of the model are necessary and are currently being
implemented. These willimprove the model's fidelity to real life events and its
internal consistency. Validation studiesare also required. These are also plan-
ned in the immediate future. Nonetheless, the use of the model has been demon-
strated and the model can be expected to be of utility to the system analyst both in
the design and test of new systems, as well as in analysis of systems currently in
operation.
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APPENDIX A

FORTRAN Codes and Definitions
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APPENDIX B

INPUT DATA FORMATS

Title Cards

Description FORTRAN Format Value
Card 1 Number of iterations NKASES I3 -
Card 2 Title HEADR 1246 72 spaces
Card 3 Tape input option ITAP I3 -

Number of days simulated NDMAX I3 -
Parameter Names FORTRAN Value
SPARAM
(card 4 and on) NFP2/FP2=
Average psychological stress threshold APST I
Hours worked after which no new assignments are made WORK 1 s
Hours worked after which further work is unauthoriz-
ed WORK 2 ,
Hours since last sleep period by average crew SLEEP >
member at start of mission
Catnap length-hours below which is rest, and above CN .
which is sleep
Maximum sleep permitted per day (hours) MAXSL .
Fatigue threshold-below which sleep is not authorized TFAT .
Average crew space ACP )
Number of calories required by average crew member CALRY .
per day
Average short term power output for average crew PWRRT ’
member (calories/hour)
Derating constant for acceptable performance K7 .
Fraction to which man's physical capability reduced K1 .
when daily quota done
Effect of stress on performance BE s
Inltlal aspiration level AASP s
Initial value of consumable: 1. KON(1) .
(units/hour) . 2 KON(2) .
3 KON( 3) .
L KON (%) >
5 KON(5) .
6 KON(6) s
7 KON(7) R
8 KON(8) A
9 KON(9) s
10 KON(10) ,
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Title Cards
Description

Consumable threshold for consumable

consumable

consumable

consumable

consumable

1
2
3
n
5
S
7
8
9
10
1
2
3
n
5
6
7

1

1

8
9
0
1
2
3
i
5
6
7
8
9
0
1
2
3
I
5
6
7
8
9
10
1
2
3
n
5
9
7
8
9
0

1

b
>

b
3
>

threshold 1

threshold 2

threshold 3

threshold 4

threshold 5

138

FORTRAN

VALUE

KONT(1,1)
KONT(2,1)
Kont(3,1)
KONT(4,1)
KONT(5,1)
KONT(6,1)
KONT(7,1)
KONT(8,1)
KONT(9,1)
KONT(10,1)
KONT(1,2)
KONT(2,2)
KONT(3,2)
KONT(4,2)
KONT(5,2)
KONT(6,2)
KONT(7,2)
KONT(8,2)
KONT(9,2)
KONT(10,2)
KONT(1,3)
KONT(2,3)
KONT(3,3)
KONT(4,3)
KONT(5,3)
KONT(6,3)
KONT(7,3)
KONT(8,3)
KONT(9,3)
KONT(10,3)
KONT(1,4)
KONT (2,4)
KONT (3,4)
KONT(4,4)
KONT(5,4)
KONT(6,4)
KONT(7,4)
KONT(8,4)
KONT(9,4)
KONT(10,4)
KONT(1,5)
KONT(2,5)
KONT(3,5)
KONT(4,5)
KONT(5,5)
KONT(6,5)
KONT(7,5)
KONT(8,5)
KONT(9,5)
KONT(10,5)

[P P T T L I R I

TP P P T Y T T R T R ]

L Y Y Y Y




Title Cards
Description

Consumable threshold for consumable

1
consumable

1
consumable

1
consumable

1

1,
2
3
Y
5
6
7
8
9
0
1,
2
3
n
5
6
7
8
9
0
1,
2
3
i
5
6
7
8
9
0
1,
2
3
Yy
5
6
7
8
9
0
consumable 1,
2
3
n
5
6
7
8
9
0

threshold 6

threshold 7

threshold 8

threshold 9

threshold 10
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FORTRAN

VALUE

KONT(1,6)
KONT(2,6)
KONT(3,6)
KONT(4,6)
KONT(5,6)
KONT(6,6)
KONT(7,6)
KONT(8,6)
KONT(9,6)
KONT(10,6)
KONT(1,7)
KONT(2,7)
KONT(3,7)
KONT(4,7)
KONT(5,7)
KONT(6,7)
KONT(7,7)
KONT(8,7)
KONT(9,7)
KONT(10,7)
KONT(1,8)
KONT(2,8)
KONT(3,8)
KONT(4,8)
KONT(5,8)
KONT(6,8)
KONT(7,8)
KONT(8,8)
KONT(9,8)
KONT(10,8)
KONT(1,9)
KONT(2,9)
KONT(3,9)
KONT(4,9)
KONT(5,9)
KONT(6,9)
KONT(7,9)
KONT(8,9)
KONT(9,9)
KONT(10,9)
KONT(1,10)
KONT(2,10)
KONT(3,10)
KONT(4,10)
KONT(5,10)
KONT(6,10)
KONT(7,10)
KONT(8,10)
KONT(9,10)
KONT(10,10)

v v v v

[P Y Y T

TP PV T T T Y Y Y L I I Vv

“




Title Cards
Description

Initial value of consumable:

(units)

[IRN

O O 0,00 O F W N

Consumable threshold for consumable 1, threshold 1

consumable

[N
O WO FEF WNRFK O OO0 O 2wl

=

2

threshold 2

consumable 1, threshold 3

consumable

[N

[EN

CLOWONOU&HFWNRE OO~ U EF W

>

threshold 4
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FORTRAN

VALUE

KON1(1)
KON1(2)
KON1(3)
KON1 (4)
KON1(5)
KON1(8)
KON1(7)
KON1(8)
KON1(9)
KON1(10)

KONT1(1)
KONT1(2)
KONT1(3)
KONT1(4)
KONT1(5)
KONT1(6)
KONT1(7)
KONT1(8)
KONT1(9)
KONT1(10)
KONT1(1,2)
KONT1(1,2)
KONT1(3,2)
KONT1(4,2)
KONT1(5,2)
KONT1(6,2)
KONT1(7,2)
KONT1(8,2)
KONT1(9,2)
KONT1(10,2)
KONT1(1,3)
KONT1(2,3)
KONT1(3,3)
KONTZ(4,3)
KONT1(5,3)
KONT1(6,3)
KONT1(7,3)
KONT1(8,3)
KONT1(9,3)
KONT1(10,3)
KONT1(1,4)
KONT (2,4
KONT 1(3, 1)
KONT 1( 4, 14)
KONT 1(5,4)
KONT 1(6,4)
KONT1(7,4)
KONT1(8,1)
KONT1( 9, 1)
KONT1(10,4)

P TV P T T Y

- -

[ Y Y Y Y L )

L )




Title Cards
Description

Consumable threshold for consumable 1, threshold 5

consumable

consumable

consumable

consumable

IR

[EEN

-

[IKN

=

2

O W WOJIO0 O F W

2

b

2

3

CWOWOTOODUTEFEWNPFPOOWONOOUUEFEFWNRPROOONODAFWNER O OW-IO® U £ WK e

threshold 6

threshold 7

threshold 8

threshold 9
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FORTRAN

VALUE

KONT1(1,5)
KONT1(2,5)

"KONT1(3,5)

KONT4 (4,5)
KONT1(5,5)
KONT1(6,5)
KONT1(7,5)
KONT1(8,5)
KONT1(9,5)

KONT1(10,5)

KONT1(1,6)
KONT1(2,6)
KONT1(3,6)
KONT1(4,6)
KONT1(5,6)
KONT1(6,6)
KONT1(7,6)
KONT1(8,6)
KONT1(9,6)
KONT1(10,6)
KONT1(1,7)
KONT1(2,7)
KONT1(3,7)
KONT1(4,7)
KONT1(5,7)
KONT1(6,7)
KONT1(7,7)
KONT1(8,7)

"KONT1(9,7)

KONT1(10,7)
KONT1(1,8)
KONT1(2,8)
KONT1(3,8)
KONT1(4,8)
KONT1(5,8)
KONT1(6,8)
KONT1(7,8)
KONT1(8,8)
KONT1(9,8)
KONT1(10,8)
KONT1(1,9))
KONT1(2,9)
KONT1(3,9)
KONT1(4,9)
KONT1(5,9)
KONT1(6,9)
KONT1(7,9)
KONT1(8,9)
KONT1(9,9)
KONT1(10,9)

Y L T Tt Y T Y

w

T Y L T T P P Y

L P P V)

-

O L v uw U v




Title Cards
Description

Consumable threshold for consumable 1, threshold 10
2
3
1
5
6
7
8
9
10
Sea State
(term and height of waves in feet) 0 -- calm, glassy
1 -- rippled, 0-1
2 -- smooth, 1-2
3 -- slight, 2-4
4 -- moderate, 4-8
5 -- rough, 8-13
6 -- very rough, 13-20
7 -- high, 20-30
8 -- very high, 30-u4b
9 -- phenomenal, over

Intermittent
Intermittent
Intermittent
Intermittent

45

reliability--electronic equipment
reliability--electrical equipment
reliability--electromechanical equipment
reliability--mechanical equipment

Number of mission iterations
Number of iterations per computer run

Essentiality

ignored (1-

threshold, below which an event is
100)

Indicators for output recording options
Print all inputs (1), or parameters only (0)

Print (1),

or don't print (0): crew initial conditions
: day numbers of 1lst. re-
pair, emergencies

Print detailed event results for all events beginning

with day

Print end of day results for all days beginning with day

|

|

|
Print (1),
dual man

or don't print (0) mission results by indivi-
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FORTRAN

VALUE

KONT1(1,10)
KONT1(2,10)
KONT1(3,10)
KONT1(4,10)
KONT1(5,10)
KONT1(6,10)
KONT1(7,10)
KONT1(8,10)
KONT1(9,10)
KONT1(10,10)

SESTA(1)
SESTA(2)
SESTA(3)
SESTA(4)
SESTA(5)
SESTA(6)
SESTA(7)
SESTA(8)
SESTA(9)
SESTA(10)

RELI(1)
RELI(2)
RELI(3)
RELI(4)

N
IET

IND(1)
IND(2)
IND(3)
IND(4)

IND(5)

IND(6)
IND(7)




Title Cards
Description

Mean body weight of total population

Standard deviation of population body weight
%crew fully qualified in prime specialty
%crew minimally qualified in prime specialty
%crew unqualified in prime specialty

%crew fully qualified in second specialty

%crew minimally qualified in second specialty
%crew unqualified in second specialty

Avg. N man days between physical incapacitations
Avg. duration of incapacity (days)

Physical capability constant, a value yielding zero
Physical capability due to over exertion

Crosstraining probability

FORTRAN VALUE
SPERSNL
NFP1/FP]
WT ~ ,
SIGWT ,
PPFQ ,
PPMQ ,
PPUQ ,
SPFQ ,
SPMQ ,
SPUQ ,
MPI ,
PID ,
7PC ,

(probability of man with given specialty also being trained in each other specialty).

prime specialty

second specialty FORTRAN ~\ 1 2 3 4 5 6 7 8 9 10
PTT(1-10 »1) oy . . . ) A . _ s > o
PTT( 1-10 22 ) o > ___5' I I O ) . ] 0
PTT(1_1033) s _ s . 0 . o . . .
PTT(l—lO’”) s o . . e . _ . o
PTT(1-10,5 ) s ) s s s . ) ) .
PTT(1_1036) s __» . s e . s __ ) o
PTT(1_1037) o . ) I P 9 . . )
PTT<1_1038) s __ . s > . . . __ 2
PTT(1-10,9) | _ , s s _» __s» __> o _»> o _> __» __
PTT(l—lO,lO) s > . 0 . > I . ) .

Crew composition

number of men in each specialty at each eschelon (rank)
prime specialty
1 2 3 4 5 6 7 8 9 10

eschelon NIP1/IP1=

MEN(l_lO ’1 > > ] ] > ] L} ) » ]

MEN(1-10,2

MEN(1-10,3)

MEN(1-10,4)
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Title Cards
Description

Number of duty shifts

Crew duty shift assignment

Man

1

W 3O U E WN

11
12
13
14
15
16
17
18
19
20

144

FORTRAN

VALUE .

NDS

IDS(1-6,1)
IDS(1-6,2)
IDS(1-6,3)
IDS(1-6,4)
IDS(1-6,5)
IDS(1-6,6)
IDS(1-6,7)
IDS(1-6,8)
IDS(1-6,9)
IDS(1-6,10)
IpS(1-6,11)
IDS(1-6,12)
IDS(1-6,13)
IDS(1-6,14)
IDS(1-6,15)
IDS(1-6,16)
IDS(1-6,17)
IDS(1-6,18)
1DS(1-6,19)
IDS(1-6,20)




Title Cards
Description

Equipment repair

Reliability (days between failure)
Intermittent failure duration (hours)
Repair maximum duration (minutes)

For each event in the repair family

Event 1 Probability of next event
Data change number
Data change value

Event 2 Probability of next event
Data change number
Data change value

Event 3 Probability of next event
Data change number
Data change value

Event 4 Probability of next event
Data change number
Data change value

Event 5 Probability of next event
Data change number
Data change value

Event 6 Probability of next event
Data change number
Data change value

Event 7 Probability of next event
Data change number
Data change value

Event 8 Probability of next event
Data change number
Data change value

Event. 9 Probability of next event
Data change number
Data change value

Event 10 Probability of next event
Data change number
Data change value

Event 11 Probability of next event
Data change number
Data change value

Event 12 Probability of next event
Data change number
Data change value

145

FORTRAN VALUE
SEQREVT
NFP4/FP4=

RELH

TUI

DTR

PRB(1-3,1) )

IEDC(1-3,1)
EDCV(1-3,1)
PRB(1-3,2)

1EDC(1-3,2)
EDCV(1-3,2)
PRB(1-3,3)

IEDC(1-3,3)
EDCV(1-3,3)
PRB(1-3,4)

IEDC(1-3,4)
EDCV(1-3,4)
PRB(1-3,5)

IEDC(1-3,5)
EDCV(1-3,5)
PRB(1-3,6)

IEDC(1-3,6)
EDCV(1-3,6)
PRB(1-3,7)

IEDC(1-3,7)
EDCV(1,3,7)
PRB(1-3,8)

IEDC(1-3,8)
EDCV(1-3,8)
PRB(1-3,9)

IEDC(1-3,9)
EDCV(1-3,9)
PRB(1-3,10)

IEDC(1-3,10)
EDCV(1-3,10)

PRB(1-3,11)

IEDC(1-3,11)
EDCV(1-3,11)

PRB(1-3,12)

IEDC(1-3,12)
EDCV(1-3,12)




Title Cards
Description

Repair description
Equipment-Number
Description (72 digits)
Threshold (units/hour)
Threshold (units)
Number of repair events in family
Family number

(repeat for each repair)

Event family members

Event 1 Type number

Precedent events

Next events

Repair/Touch up (1,2,3)

Event family indicator (0,1,2)
Event 2 Type number

Precedent events

Next events

Repair/Touch up

Event family indicator
Event 3 Type number

Precedent events

Next events

Repair/Touch up

Event family indicator
Event 4 Type number

Precedent events

Next events

Repair/Touch up

Event family indicator
Event 5 Type number

Precedent events

Next events

Repair/Touch up

Event family indicator
Event 6 Type number

Precedent events

Next events

Repair/Touch up

Event family indicator
Event 7 Type number

Precedent events

Next events

Repair/Touch up

Event family indicator

146

FORTRAN

NEFQRE

TSR
TSR1
IRE
TEFN

IETYP

IPE
NX(1-3,1)
RTU

IF0I
IETYP

IPE
NX(1-3,2)
RTU

1F0I
IETYP

IPE
NX(1-3,3)
RTU

IF0I
IETYP

IPE
NX(1-3,4)
RTU

IFOI
IETYP

IPE
NX(1-3,5)
RTU

IF0I
IETYP

IPE
NX(1-3,6)
RTU

1F0I
IETYP

IPE
NX(1-3,7)
RTU

IFOI

VALUE

72H

NIP4/IP4=

v v v




Title Cards
Description

Event 8 Type number
Precedent events
Next events
Repair/Touch up
Event family indicator
Event 9 Type number
Precedent events
next events
Repair/Touch up
Event family indicator
Event 10 Type number
Precedent events
Next events
Repair/Touch up
Event family indicator
Event 11 Type number
Precedent events
Next events
Repair/Touch up
Event family indicator
Event 12 Type number
Precedent events
Next events
Repair/Touch up
Event family indicator

(repeat for each repair--up to twelve events)

147

FORTRAN

VALUE

IETYP
IPE
NX(1-3,8)
RTU

IFOI

IETYP

IPE
NX(1-3,9)
RTU

IFOI

IETYP

IPE
NX(1-3,10)
RTU

1rol

IETYP

IPE
NX(1-3,11)
RTU

IroI

IETYP

IPE
NX(1-3,12)
RTU

IFOI




Title Cards
Description

Emergencies

Emergency: Description
Essentiality
Men required (by type)

Mental load
Rate of consumable expenditure (units/hours)

Threshold (units/hours)

Threshold (units)

Hazard class

Energy consumption (calories/hr)

Number days between emergencies

(repeat for each emergency)

Average recovery time (hours)
Average standard deviation of recovery time (hours)
Duration target (hours)

(repeat for each emergency)

Event type data

Description
Essentiality
Number of men required (by type)

Mental load

Kind of event end time

Kind of event

Rate of expenditure of consumables (units/hours)

Rate of expenditure of consumables (units)

Hazard class
Energy consumption (cal./hr.)

Number of equipments required
Equipments required

Class

(repeat foe each event type)

148

FORTRAN VALUE
SEMREVT
NIP5/IP5=
72H ,
IESSE ,
NREQE(l‘S,l) 5_9_%_>_ >
NREQE(6-10,1)| o » » s »
LODME T
IRCE(1-5,1) s 5 5 s s
IRCE(6-10,1) | . . . 5 »
TSE T
IRCE1(1-5,1) s s s s
IRCEL(6-10,1)| 5 s 5 5 >
TSE1 ,
IHE R
IECE(1-5,1) e s s s
IECE(6-10,1) s s s>
NDBE T
NFP5/FP5=
ART ,
ASDE R
DTE e
$TYPE
NIP6/IP6=
72H ,
IESS R

NREQ(1-5,1)
NREQ(6-10,1)
LODM

KE

INT
IRC(1-5,1)
IRC(6-10,1)
IRC1(1-5,1)
IRC1(6-10,1)
IH
IEC(1-5,1)
IEC(6-10,1)
NIQR
IQR(1-6)
ICLASS




Title Cards
Description

Average duration (hours)
Average standard deviation

Average duration (hours)
Average standard deviation

Average duration (hours)
Average standard deviation

Average duration (hours)
Average standard deviation

Average duration (hours)
Average standard deviation

Average duration (hours)
Average standard deviation

Average duration (hours)
Average standard deviation

Average duration (hours)
Average standard deviation

Average duration (hours)
Average standard deviation

Average duration (hours)
Average standard deviation

Average duration (hours)
Average standard deviation

Average duration (hours)
Average standard deviation

Average duration (hours)
Average standard deviation

Average duration (hours)
Average standard deviation

Average duration (hours)
Average standard deviation

Average duration (hours)
Average standard deviation

Average duration (hours)
Average standard deviation

Average duration (hours)

Average standard deviation

Average duration (hours)
Average standard deviation

Average duration (hours)
Average standard deviation

149

FORTRAN
ADUR
ASD

ADUR
ASD

ADUR
ASD

ADUR
ASD

ADUR
ASD

ADUR
ASD

ADUR
ASD

ADUR
ASD

ADUR
ASD

ADUR
ASD

ADUR
ASD

ADUR
ASD

ADUR
ASD

ADUR
ASD

ADUR
ASD

ADUR
ASD

ADUR
ASD

ADUR
ASD

ADUR
ASD

ADUR
ASD

Value

NFP6/FP6=




Title Cards
Description

Average duration (hours)
Average standard deviation

(repeat for each event type)

Scheduled events title card

(Input card not free format)
Day number for this iteration
Number of scheduled events this iteration

Title

Scheduled events

Type

Precedent events
Threshold (units/hour)
Threshold (units)
Repair/Touchup

Event family indicator
Number in family
Family number

Next events

(repeat for each scheduled event)
Time 1limit
Start time (hours)
Probability of alternatives

Data change number
Data change value

(repeat for each scheduled event)

150

FORTRAN VALUE
NFP6/FP6=

ADUR R

ASD 3

FORTRAN FORMAT VALUE

ND I3
NOSE I3

11A6 (66 spaces)

FORTRAN

IETYP

IPE

TS

T81

RTU

Irol

NIF

IEEN
NX(1-3,1)

TL
ST
PRB(1-3,1)
IEDC(1-3,1)
EDCV(1-3,1)

VALUE

SSCHEVT
NIP3/IP3=

2 > >

NFP3/FP3=

PR




APPENDIX C

Logic Flow Charts
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APPENDIX D
COMPUTER PROGRAM ORGANIZATION

The Computer Program

The program for the model was given the name P420 and was prepared
in the widely accepted FORTRAN IV programming language. All runs reported
were made on the Honeywell 635 computing system.

The H-635 is a 36 bit word machine with cycle time of one microsecond.
The ISM model requires 32k words of core memory storage to compile and execute

where k= 1024.

A page-heading subroutine, available at most computer installations,
and two random number generators are the only non-standard routines which
would require special consideration when executing the simulation program at
other facilities., The program was prepared with computer independence in
mind so that converting the P420 program to FORTRAN for another large scale
computer should require little more than replacing control cards and recompiling
on the new computer.

The model divided into a executive program (XMAIN), input and output
routines, and several supporting subroutines, and several supporting subroutines.
In general terms, the executive performs the following functions:

a) Performs all initializations

b) Calls for parameter and personnel data from input
routine

c) Determines crew characteristics

d) Calls for emergency and equipme nt repair event
data and determines when in mission these events
are to be simulated

e) Calls for scheduled event data for each day from input
routine

f) Determines order for events to be simulated for the
day

g) Selects crew for each event

h) Simulates crew performance and evaluates same
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i) Allows for second attempt of ''failed' event

j) Prints results for each event (optional)

k) Determines next event

1) At end of day, summarizes events for day and calls
output routine to print daily results

m) At end of iteration, calls output routine to print
iteration summary

n) At end of mission, calls output routine to print
mission summary

The detailed event results (item j above) will be printed on eveﬁts for
which the event and day numbers exceed the values of IND(5) and IND(4) respec-

tively (see Appendix A, Table A-T).

The input routine (INPT1) is responsible for accepting the simulation
input data and, after verifying that each input section contained the proper
number of data items, passes the data to the executive, Optionally, a complete
listing of all input data can be printed by the input routine (see IND(1) Appendix
A Table A-7), The parameters are unconditionally printed. If a section of the
input file does not contain the proper number of data items, an appropriate mes-
sage together with all of the data or that type (e.g., personnel data) is printed
for review and the program halts after checking the remaining input sections.

There are four entries to the input subroutine (OUTP1). The first entry
is used when a listing and summary of the crew characteristics is requested,
This output occurs, when requested by print option 2, at the beginning of each
iteration. This option is dependent on IND(2) (see Appendix A, Table A-T7).

The second entry provides for summarizing the results of a days simula-
tion. A printed listing of these data may or may not be effected, depending upon
print option 6. The end of day results will be recorded on such iteration on those
days for which the day number exceeds the value of IND(6).

The third entry in the output routine unconditionally prints the (see example
Table 2-5) report summarizing the data obtained at the end of each iteration of the
simulated mission. Table 206 presents this format.

The fourth, and final, entry unconditionally summarizes and prints data
obtained at the end of each run of N iterations as shown in Table

The supporting subroutines, also coded in FORTRAN IV, are FBUILD,
IPUYSN, and PSCAP. The function of FBUILD is to compute fatugue buildup for
the men in the crew; IPUYSN generates random numbers with a poisson distribu-
tion; and PSCAP determines primary and secondary competence levels for each
man in the crew,
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The Input Card Deck

The card deck organization for execution of the program on the H635
is shown below:

Column 1 Column 8 Column 16
$ SNUMB KXXXX
$ IDENT XXXXX, —

OBJECT DECKS: XMAIN, OUTPI,
INPTI1,IPUYSN, FBUILD, PSCAP

$ EXECUTE
$ LIMITS 05, 32k, 2000
$ TAPE 10, X1D,, XXXXX,,—
$ FILE 12, X6R, 2R
$ INCODE (OPTION)
input data for all formats
$ ENDJOB

Figure D-1 P420 Deck Set-Up

The

The five digit number in the first card represents a run number used
by the computation center to identify the run., The 5 digit number in the second
card represents a charge number or accounting code. On the LIMITS card, the
numbers indicate the maximum length processor time core memory (K= 1024)
and print lines on a given run. The run will be terminated if any of these condi-
tions is noted, On the TAPE card, the numbers indicate the logical unit number,
the channel number (D= dismantle after run), and the physical tape reel numbers,
The options on the INCODE card are either IBMF (FORTRAN code prepared on
the Model 026 Keypunch) or IBMEL (extended language code, prepared on the
Model 029 Keypunch).

At many installations, both the $SNUMB and $IDENT cards are prepared

by the operations personnel., The $TAPE card is required only on runs requiring
more than one iteration or for runs employing the tape input option.
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When a simulation with multiple iterations is completed a tape containing
a large portion of the input data has been created. This tape may be used in
subsequent simulations by choosing the tape option for input. The tape contains
all the input following the $PERSNL data group. This means that if the print option
was in effect (IND(1)# 0) when the tape was created, the descriptors for the equip-
ment repairs and emergency events are also on the tape. Hence the user must
enact the print option when employing that data tape. Failure to do so will cause
improper reading of records and the program will abort.

Program Timing

The recompilation time on the H-635 is from one to two minutes depend-
ing on the extent of the programs compiled, Execution time is, of course dependent
on the simulation input data involved. The following execution time estimates are
examples from runs made with the mission data described in Chapter III. A run
of 10 iterations during which recording was made for summaries only consumed
about . 020 seconds per event. A run in which all detail event output was recorded
consumed . 059 seconds per event or about 1.2 minutes for a 5 iteration run. As
another example, a two mission case each with 5 iterations of 4 days with full
detail recordings of all events took 146 seconds of processor time. This corresponds

to 0,056 seconds of processor time per event,
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APPENDIX E

Computer Program#*

This computer program, like all simulation programs, is evolutionary. The
program presented in Appendix E represents the status of the simulation model
program as of November 22, 1974.
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CxM

AIN

XMAIN
COMMON/PRSNEL/WT,SIGRY,PPFQ,PPMQ,PPUQ,SPFQ+SPMQ,8PUQ,
1MP],P1D,ZPC,RTT(10740),MEN(10,4),NDS,IDS(6,:20)

COMMON/IPARAM/APST sWORKY ; WORK2,SLEEP,CN,MAXSL,TFAT,ACP,

1CALRY ,PWRRT ,K7,K1;BE, AASP,KON(13) ,KONT(10,10),KON1(10),

2 KONT1(10,10),SESTA($0),RELI(4)iNsJET,IND(7)eNDMAX
COMMON/EQREVNT, IDF(3p),RELH(30),DTR(570),TUL(30),IRE{30)
COMMON/EEMER/ART(10),ASDE{10),DTE(10), JESSEC10) ,NREQE(10,10),

1 LODME(10),JRCE(10,40),JRCE1(10440),TSR(10),TSEL(10),1HE(L10)}

1 JECE(10,10),DTBEC10)¢NDBE(10)

COMMON/ETYPE/ADUR, ASD71ESS,NREQ{$0),L0DM,KE, INT,JRC(10),IRCL(10),

1 I 1EC(10),NTOR,10RE8),1CLASS"
COMMON/SEVENT/ZIETYR(570):TLE570Y48T(570),EDCY(3,579) . IPE(570),

1 T56570),7S51(570),NX¢8,570),RTUL{570),IF01(57Q9),1EFN(570),NIF(570),

2 J1EDC(3.570),PRBt3,570)iNOSE,NEQRE,NEME, D] (9)
COMMON/QCOM/PCOM{20),SCOM(20),1PS(20),155¢20),TPCOM(20),TSCOM(20)

COMMON/OPP1/ TAAY4),RC(20),PACE(20),ASP(20),HSLS(27),P1(20)
1,P12¢20),1CE(20)
COMMON/QPP2/ TW(20),¥WP{20),TW5(20),D5(20),APW(20),PCC(20),

1 CASP(20}.1DPC(20)., NSUCL,NSUCR,NFALEsNIGNR,

2 KONC(10),KONC1¢(10), S81,CML,ND,1TER,NDAYS, MPEC(20),FAT(20)

3 ,STRM(20Y,CAL(20)+PWR(20Y,CCALL20),NUL20)PERF(20), NPRFM(4)

4 ,APA,SFDIFF,CLSDTA(10,40)

COMMON /OPP3/1C,FL IC,NREPY ,HRSE;MR8R,HRSS ,PEFF,

1 MAXST,MAXSTE,USHT#NRjNYE,NE, TEH,CMMX, ICML,SIDCMX, IDCMX, 1CSS
COMMON/OPP4/EPL (30),EpT(30),CART(30),CUT(30),

1 AEPL,EPEFF,EMTBF,EMTYR, SRL,SPL 1 SGEM
INTEGER 7S,7S81,RTU,TSE,TSEL, TSR, TSRy
INTEGER P]2,PTR(240),501F(10)

REAL KONC,NOSUC(20),NOFATIL(20);1DC,KONE(20)sMPCC sMAXST ,NU
REAL MPInMAXSLaKT‘iKl:!EG:LODM; 1H, lRC,KON:KONI:KONT.KONTi

REAL IECE,IWE,IRCE,LODME,]S8Y

DIMENSION NPTR(580),ABUR]ID(55)
1 LKONE1(20)

DIMENSION PSCOM(40),{PSS{40),PCDUM(6),TPSCOM(4Q)

EQUIVALENCE (PCDUM,PRFQ), (PSCOM,PCOM),(IPSS,IRS),(TPSCOM,TPCOM)
EQUIVALENCE (ADUR;ADURIOY

DIMENSION NS(20),1DE(310)3

1 2020),26G(570), JEVENT(570)2aNREQT(10), MAVAIL(R0),

2 TAVAILC20)¢MAL20,40)51TYPE(20),MAT(20),WH120),ACAL(20),

3 PY(570),TITLE(9)

DIMENSION MCHWSN(20), INVS({570),USH(6)

DIMENSION HEADR(42)

DATA HEADR(1)/72KH APPLIED PSYCHOLOGICAL SERVICES WAYNE, PENNA
1, ARTHUR 1., SIEGEL/

DATA TITLE/6MSCHEDY,8HLED EV,64HENT 16HREPAIR, 6H FAMIL,
16HY s 6HEMERGE; 6HNGY EV,6HENT /

DATA YU,ESSS,PEA/6H U, 6H S,6H P/

DATA STAR,BLANK/6H »,6H /

FUNC(A,B, D) = (A + ¢A#BJ/4.,) » D
CALL RANS!Z2(12,55)
READ(5,9050) NKASES
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KASE = 0
10 KASE = KASE+4
IF(KASE ,GT, NKASES) CaAlL EXIT
READ(5,9045) HEADR
9045 FORMAT(12A6)
cAalL SPGHDR(HEADR)
LMAX=10
LMAX1%10
NYMAX=10
ITER=0
NKQUNT = 0
READ(5,9050) ITAP+NDMAX
CALL XXIN
50 JTER=ITER+}
1TAP = 1TAP+1
NDAYS = 0
9050 FORMAT (213)
CALL INPUT(ITAP,KASE)
KMAX=NEME
JOMAX=NEQRE
JEMAX=NOSE+NEQRE +NEME
Czaa2COUNT THE CREW FOR EACH ECHELON AND ASSIGN
CenwEACH MAN A CREW ECHELON
ICs 0
DO 110
[AALD)
po 100
100 lAA(])
110 IC = IAA¢(
FLIC = IC
11 =1
JJ 20
DO 120 ! = 1,4
JJ 8 TAACT)# )
1F (JJ.LT,11) GO TO t20
Pe 115 J = I1,JJ
115 ICE(J) = !
11 = Ju+d
120 CONTINUE
ca22ASSIGN PRIMARY SPECIALTIES
M e 31
DO 160 J = 1,4
DO 3160 1 = 1,NTMAX
11 8 MEN(1,J)
IF ¢11.EQ.0) GO TO 160
DO §55 K = 1,1!
IPSIM) = 1
155 M = M+1
160 CONTINUE
CeasASSIGN SECONDARY SPECIALTIES
po 220 1 = 1,IC
11 = IPS{D)
TEM1L = YNIFM1t0,0)
TEMYL = TEM1#PTT(NTMAX;IT)
DO 210 J = 1,NTMAX :
IF (PTT(J11) LT, TEML) GO TO 218

1.4

> u L 6 e

-4
f
s 1,NTMAX
TAACT)Y+MEN(Jy1)
1)+1!C
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1SS(1) = J
G0 Y0 220

210 CONYINUE

220 CONTINUE
CeonPC,CAL,PWR,PACE,ASP,HSLS,FAT,STRM FDR
CeasnEACH MAN

DO 300 1 = 1,1C
TEM{ = DNORMe(0,0)
PCUIYSCWTLTEML1aBIGWT ) /WY
CALE]) = PC(1)sCALRY
PUR{I) = PC(])«PWRRY
PACE(I) 3 ACP + DNORM3(¢0.0) « 0,11
ASP{]) = AMIN1(AASPsAASP«DNORM1(0,0)/10,0,1.0)
HSLS(1) & SLEEP+DNORMSE(0.0)*SLEEP#Q,25
FAT(1)2FBUILD(HSLS(]Y)

300 STRM{1) 3 APST+DNORM$(0,0)sAPST/6,0
CeaxCALCULATE PRIMARY AND SECONDARY COMPETANCE
CeaaFOR EACH MAN AND CCISINITIAL CREW COMPETANCE

CALL PSCAP(I1AA,PCDUM, PSCOM)
CCI 5 0.0

DO 360 1 = 1,1C
360 CC] 3 CCl+ PCOM(I)
ccl s CCI/FLIC
ConsCALCULATE PHYSICAL INCAPACITIES
365 DO 370 I z 1,1€
P!(I’=1o0
370 Pl2¢l)=p
NP] = TPUYSNU(FLIC/MPI)
1f INP],EQ,0) GO TO 390
DO 380 I = 1,NP]
11 = UNIFMI(OT0)=F1C
PI¢1l) = 0,28UNIFM1(0,0)40,75

380 P12¢11> . IPUYSN(PID)
ouTP
CosaP RS D0V OF 1TERATION--INITIALIZATIONS
550 ND = 1
DO 560 1 = 1,KMAX
560 IDE([) = 0
DO 8§70 1 = 1,1QMAX
570 IDF(I) = 0
DO 580 I = 1,LMAX

580 KONC(1) = KON(I)
DO 585 1 =1, MAXL
585 KONC1 (1) = KON (I)
PO 590 I = 1,1IC

NS(I) = 0

ACAL(I) = HSLS(I)aCALKI) 24,0
CASP(1) = ASP(])
PERF(1)=pSP(1)

NOSUC(I) = 0.0

590 NOFAILC(I) = 070

DETERMINE DAY OF OCCURRENCES OF NEXT FAILURES AND EMERGENCIES FOR
FAILURE AND EGUIPMENY

OO0

DO 605 1 = 1,1QMAX




11 = RELH (1) # ALOG(UNIFM1¢0.0)) ~ 9,5
1F¢ll . EQu0YIl=2~1
6095 IDF(I) = IDF(T)~11
DO 410 1 = 1,KMAX
11 = NDRE(]) #ALOGC(UNIFM$(0,0)) - 0.5
IFe11.,EQ,0)I1=- 1
610 IDEC]) = IDE (1) = |1
IF UIND(3).EQ.0) GO YO 650
WRITE (6,9610)¢1,1DF(]1),1 = 1,1QMAX)

9640 FORMAT(;9H,y PRINT QPYION THREE/sQH FAILURE TYPE=-=DAY OF FIRST 0OCC
L0 RRENCE LN L0CT S5 1H=s14,4X)1)
WRIYTE (6,9614)C1,IDELI),1 3 1,KMAX)
9611 FORMAT(1H0/41H EMERGHNCY TYPE~=eDAY OF FIRST OCCURRENCE/
1 (1H 10¢13,1H=,1454X)))
CouwsBEGIN SIMULATION FOR EACH DAY--=INITIALIZATIONS
650 N]GNR=0
NSUC1i=0
NSUC?=0
NFALE=p
NREPT=0
DO 655 [=1,4
655 NPRFM(1)=0
DO 658 J=1,10
Do 658 I=1,40
658 CLSDTA(J,1)8 0.0
USH? = 00
HRSE=0.0
HRSR=20.0
Hass=o 0
ST=0,0
§STE=0
DO 660 1 = 1,TEMAX
660 2cty) = 0,0
po 670 1 = 4,1cC
TW(l}) = 0.0
TWP(1)=0.0
TWS(1)=0,0
MPEC(1)=0,0
1DC¢1y = 0.0
Ds¢!> = 0.0
= .0
670 20318127010
EML = 0,0
CMLMX=-1 ,F10
[CML =0
SIDCMX=CMLMX
1pCMX=0
TEW = 0.0
SFD{FF=0.0
SEFe=D.0
IS1E=0
APA=0,0
DO 675 121, 10MAX
cUT(I) = 0,0
cDY (1) = 0.0
CART(1) = 0,0
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EPLEI)=0.0
675 CONTINUE
c
c CALCULATE SEA STATE
c

ICsg =9
ATEM = UNIFMY4 t0Q,0)
DO 680 1s1,9
705 FORMAT(1HO0,215,2F7.4)
IF (ATEM .GT, SESTA 1) ) GO TO 680
ICsg =z 1 ~ 1
GO Y0 685
680 CONTINUE
685 PSESIC = 0.0555 # 1CSS
DO 690 le4,IC

TPCOM (1) = PCOM (1)
TSCOM (1) = SCOM (1)
1F (UNIFML(0,0) .GE. PSESIC) GO TO 690
YPCOM (1Y = TPCOM (]) # (1= 1CSSe 0,0555)
TSCOM (1) = YSCOM (]) + {1~ ICSSe (,05955)

695 CONTINUE
WRITE (6,682) 1CSS,PSES]C

€82 FORMAT(49HGCURRENT SES STATE=127/17H PERCENT SEASICKEF7,4)
CALL DlNPUg
IF(ND ,GE. IND(4)) WRITE({6,8502)

8502 FORMAT(1H1)

CessIDENTIFY FATLURES AND EMERGENCIES FQOR THE DAY
CassAND COMPUTE NEXT OCCURRENCE FOR EaCM

700 NR = O
KK = NOSE
DO 710 1 = 1,1GMAX
IF ¢JDFCIY.NEINDY GO YO 710
NR 3 NRe+t
KK = KK+l
JEVENT(KK)=200+(1-1)282 + 1
11sRELH(I)#ALOG(UNIFME(D0.0))=,5
IFe11.EQ 0) ]2~
IDF¢l) = IDF¢1y-11

710 CONTINUE

750 NE 3 0
DO 760 1 ® 1,KMAX
IF ¢(IDEC1) .NE.ND) GO 7O 760

NE =2 NE+1

KK 2 KK+1

JEVENT (KK) = 1 + 560 v

11 = NDBE(1) & ALOG (UNIFM1¢0,0)) - 0.5

1F‘II.EQ‘U)I!;- i
IDE (1) = IDECD) - 11
760 CONYINUE

NyMFAM = 0

NOLIFT = ¢

1ST = (1CSS « 1) /10,

DO 697 1=1,NOSE

IF (NR + NOIFT ,GE. 30) GO TO 697
NOIF = 0O

IF (I1FO1 (I) UNE, 1) GO TO 697
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loNsNe] e Re R o]

SN eNe]

698
697

v Ee o]

770

QYO

awi
77%
780

£ g ]

NUMFAM = NUMFAM + 1
IF (NOIFT ,GT7 10) GO TO 697

ACCESS TYPE DAYA FROM D]SC
JTEMSIETYP(])
READ(12'JTEM,ERR=3000) ADURIO

IF (NIGR .EQ, 0) GO TO 697

DO 498 INIG = 1,NIOR

IF (NOIF .EQ, 1) GO Y0 ¢98

RY2 = UNIFM1 (0.0)

BTEM = 0:001

IF{L.ODM.GT, 3) BYEMs0,;01
[F{LODM.GY,6) BTEM=0,03

ATEM = FUNC(RTEM,RY2,IST)

IF ¢ ATEM ,LT" UNIFM1¢(0,0)) GO TO 698
NOIF = 1

KK 8 KK ¢ 1

COUNTER
NOIFY = NOIFT o §
WHICH REPAIR SEQUENCE

JEVENT(KK)=200412#(JQRI(NIQR)=1)+1

WHICH SCHEDULED EVENY HAS AN QIF

101F (NOJFT) = |
CONTINUE
CONTINUE

NR 1S NUMBER OF REPAIR FAMILIES

NR = NR + NOIF?Y

NOSE1 = 0

NTE = NR + NE #+ NQOSE

Do 770 1 =1, NOSE

IF ¢ IFOICI) “NE, 1) GO 7O 770
JEVENY (1) = 1

NOSE3 = NOSE1 +

CONTINUE

RANDOMLY ASSIGNS REPAJRS THEN EMERGENCIES TO TASK SEQUENCE AND
THEN FILLS IN SCMEDULED EVENTS TO QUEUE IN ORDER OF INPUT

GENERATE POINTERS FOR EVENTS FOR THIS DAY
DO 780 1 = 1,NTE
RTR({I) = 0
JJ = NOgSE + 1
TEMY = NTE-1
DO 810 1 = JJLNTE
11 = UNIFM1¢0%0)eTEML+1,D
JF(PTYR(II)Y) 785,805,785
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e BBy

O MGy

00

790

795
800

805

810

815

841

B35

842

843

832

834

KK = 11

11 2 11+

IF ¢11,GT,NTE) GO TO 795
[F(PTR(I1)) 790,805,790
Il 8 KK

11 = 11~

IF (PTR¢I1),NE,0) GO YO gOQ
KK = TEVENT(!)

pTREIT) = KK

INVS (KK) = [1+1

CONTINUE

KK = 1

DO 820 l=1,NOSE i
1F ¢IFO1¢1) ,NE, 1) GO YO 820
1F (PTR(KK) .FQ. gy GO Y0 818
KK = KK+

G0 10 815

PTR{KK) = 1|

CONTINUE

KOUNT 18 INCREMENT FOR NPTR TO INCLUDE OIF AND FAMILY MEMBERS

IGAP = ¢

KOUNT = 0

DO 831 !=1,NTE

IPTR = PTR (1)

1F ¢(JPTR ,NE, 0) GO Y0 841
IGAP = IGAP « 1

Go T0 831

CONTINUE

NPTR (] ¢ KOUNT « IgAP) = IPTR
IF ¢(IPTR .GE, 561) GO 70 831

1SWy = 0 SCHEDULED AND REPAIR EVENTS
ISWy = 1 REPAIR EVENYS FOR QIF

JSW1 = 0

IF (JPTR ,67, 200) GO TO 842

INIF = NIF (IPTRY = 1

IF ¢INIF ,EG, 0) GO YO 834

GO Y0 843

INIF = IRE (tIPTR-208) /12 ¢ 1) - 1
IF ¢INIF ,EQ, 0) GO YO 834

Do 832 Jsi, INTF

KOUNT = KOUNY « 1

NPTR (1 + KOUNT « IGAR) 5 IPIR » J
CONTINUE

CHECK IF SECOND TIME YHROUGH

IF (ISWi1 .EQ, 1) GO YO 831

IF (NOIFT ,EQ7 0) GO Y0 831

{F (JPTR ,GT, 200) GO TO 831
ISW1=1

DO 833 J=1,NOTFT

IF (IPTR ,NE, I10IF(J) ) GO YO B33
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HAVE AN OIF

\s Relie)

KOUNT = KOUNT » 1
IPTR= [EVENT(NTEs)))
GO Y0 835

833 CONTINUE

831 CONTINUE

c TH]S LOOP COUNTS TOYAL NO, OF EYENTS
DO 8 I=1,570 :

IF(NPTR(I),EQZ0 ) GO YO 9

CONTINUE

NTEsI-1

0

DO 821 I=s4,NTE
[F(NPYR(IY,LF.200) GO TO 826
CONTINUE
<Kz561
NX(1,KK)=NPTR(1)
PRE(1,kK)=1.1
DO 824 I3y,NTE
K=NPTR(1)
INVSEK)S] 1
IF(K,LE.200) GO TO 823
IF(K,GT,560) GO Y0 822 ‘
IF (IRE((K=29%) /42 * 1 ) EQ. 1 ,OR, IFOJ(K) ,EQ, 27 GO YO 822
GO T0 824
822  NX{1,K)INX(1,KK)
NXE2,KYsNX (2, KK}
NXE3,K)SNX(3,KK)
PREfL1:K)SPRB{1,KK)
PRE(2,K)=PRB(2,KK)
PRE(Z,KIFPRB(3,KK)

oc 0o
ny
O

2

G0 YO 824
B23 KK=K
824 CONTINUE
830 JEIE = 1
840 IE = NPTR (JEIE)
IFIRSY = 1
Conn RESETS FOR EACH EVENY
850 Pl = 0
1G=0
ITRY = 0
IGNOR = 0
DO 865 J] = ¢ » NDS
YSH (JI1Y = 0,

865 CONTINUE
Cass DETERMINE WHETHER EVENY SHOULD BE !GNORED
¢
C ACCESS TYPE DATA FROM DISC
Canuvue EMERGENCY IF TYPEs® »i
ITEMRIETYP(IE)
IF§ITEM,EQ.(~-1)) GO YO §51
READ(12'ITEM,ERR®3000} ADURIO
60 Y0 854
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[eBe N e

loNeoR ]

(s 3RS

854

852
B854

855

86

864

862

857

863

ADUR=ART(IE,.560)
ASD=zASDE({1E-560)
1ESSz1ESSE(IE~-560)
LODM=LODME(]IE~560)

KE=2

INT=1

NIQR=z0
IHSIWE(IE-560)
1CLASS=5
pc 852 J=1,10

NREQCIYSNREQE(!,T1E=580)
IRC{IVY=SIRCE(].1E=560)
IRC1¢1)sIRCEL1(1/,1E=560)

IEC(1)=]ECE¢!,IE~-560})

1¥ ¢ 1 ,GY. 200) GO 70 862
Ir ¢1ess .GE, lET) GO YO 855
IG!ND = 31
GO T0 1815
KK = TS(IE)
IGIND=4
DO 860 1 = 1,LMAX
IF(KONCCI) LT, KONT¢I.KK)) GO T0 1815
CONTINUE
1GIND=Y
KK=¥S1(1E)
DO 861 I=1,LMA
JFEKONCL(T) .LT KONT1(1,KK)) GO TO 1815

CONTINYE
COMPUTE NUMBER OF HOURS PER SHIFY

SFTHRS = 24,/FLOAT(NDS)

IF ¢ IFIRST ,EQ, 0) GO TO 857
IFIRSY = 0

IF (NPTR (1) .EQ., IE) GD TO 863
IF (NIFCIE) .GT, 1) GO TO 863

IF (]FO1 (IEi ,GY, LY GO TO 863
1F ¢ !¢ ,GT, 1) 60 TO 863

WAVE FIRST EVENT IN ONE EVENT FAMILY WITH ONE MAN GROUP

JJEMAT (1)

LL 2 ITYPE (g

1F (NREQTELL)Y (NE. &) GO YO 863

ATEM = KTEMP #= SFTHRS
IF(ADURSZ(JJ)YTLE,ATEMa0, 33)G0 TO 4150
CONTINUE

JJ = IPE(IE)

JNDS = NDS

DETERMINE EARLIEST SWIFT JOB CAN BE STARTED ON AND LATEST TIME BY
1 JOB MUST BE COMPLETED

s (AMAX1(Z2C(JJ),SY(JEY))/SFTHRS ¢ 1.0
KE LEQ,1)JINDSaTL(IE)/SFTHRSs ,99
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LSH1F¥

0--FIRS SOR& ;HRO GH ALL POSSIBLE SHIFyS
LWSHIF R

1-- SECOND S WITH DESIRED SHIFT

aaoco

LSHIFT = 0
905 FORMAT (10HOSHIFTHRS®#F14.3,316)
GO YO 877

BRANCH TO HERE WHEN LSHIFT = 1

QoM

878 11! s KTEMP
JNDS = KTEMP
877 DO 875 JI = 111,JNDS
Cusd IG IS TOTAL NUMBER OF MEN REAVIRED FOR EVENT
WRITE(G6,1066) KTEMP,111,JUNDS
1066 FORMAT(1H04110)}
16 =
1P} =0
[GNOR =0
DO 880 ! = 1,NYMAX
ga0 NREQY(I)=NREQ(I)
Cusx SELECTION OF PERSONNEL FOR EACH TYPE
Coue KIND = 0 WHgN SEL5CYING PRIMARY SPECXALTIES
Cann KIND = 1 WHEN gELECTING gECONDARY SPECIALT*ES
ng 88% 1=1,1C
885 MCHgN(1)=0
KIND = ¢
1T = 4
KA =20 )
IF ¢INT ,E@,2) GO Y0 1020
90a IF (NREQT(II} ;NE,0) GO YO 925
910 IF (11.EQ,NTMAX) GO YO 920

[T = 11+
KA = 0
G0 Y0 900

920 IF ¢(IPI,EQ,0) GO TO 1060
IF¢KIND) 1060,1020,1060
925 1F (KA,NE.0) GO YO 990
TEM1=TL(IE)
LL = KIND=20
po 950 I = 1,1C
LL 2 LL+1
IF(HCHSN(!).NE.O) GO T0 950

TRIVIAL CASE 1S 1DS(J1 ,1) = 1 FOR ALL JI
TH]S CASE IS DRIGINAL -=NO BHIFT«=MODEL

e Rele ke

1F (lE .GT, 200) GO YO 930
IF ¢IDS¢tJI,1) NE: &) GO TO 9%0
NKOUNY = NKOUNT + 1
IF (NKOUNT ,GT, 100) GO TO 934
WRITE (6,941) 1,JI¥ySFYHRS
924 CONTINUE
ZTEMP = J!1 & SFTHRS + 1,0
IF (2TEMP ,GY: 24,0) ZTEMP = 24,0
IF (NKOUNT .GT, 100) GO TD 942
WRITE (6,941) JI,17SPYHRS,ZTEMPIZ(])
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944
942

939

935
940
950
955

958

960

970
980
990

998

1000

FORMAT (6HOZTEMP 215,3F40.3)
CONYINUE

1F (2¢1 )y ,GY, ZTEMP) GO YO 950
CONYINUE

1F ¢IPSS(LL),NE.II) GO YO 950

IFEZCIY,GT.TEMLY) GO TO 980
IF (TW(I).GT,WORK2) GO YO 950
KA 3 KA+l
MAVAIL (KA) = 1

CALR=PWR(])
TEM2 = TEC(1])

IF (CALR,LE,.YEM2) GO YO 935
CALR = 1,0
GO Y0 940

CALR = CALR/TEM2

TAVAJL(KA) = 1000.0-10.02TW(]1)+CALRsTPBCOM (LL)
CONY INUE

IF (KA,NE,g) GO YO 960

Pl = 1

IF ¢KIND.EQ,0) GO TO 910

[F (LSHIFT ,EQ, 1) GO TO 910

USHEJI) = USH (J1) #ADUR #FLOAT(NREQT(I1))
G0 T0 910

KK = KA-1

IF (KK.EQG.0) GO YO 999

DO 980 I = 1,KK

LL = KaA=1T

DO 970 J = 1.,LL

TEML = TAVAIL(Y)

IF {TEM1,LE.TAVALIL(J*1)) GO TO 970

TAVAIL(J) = TAVAIL(J#1)

TAVAIL(J+1) = TEM1

NN = MAVAIL(J)

MAVAIL(J) = MAVAIL(JeY)

MAVAIL(J#1) & NN

CONTINUE

CONYINUE

IF (KA,EQ.Q) GO TO 95%

NN = MAVAIL(KA)

KA = KA-1 -
IF¢({1E.GE,561) ., 0R,(]BSS {E0,100)) GO YO 1000
IF (TW(NN)*ADUR LE.WORK1) GO TO 1000
I[F(KIND,EQ.4) GO TO 958

1Pl 5 1

GO YO 910
IF{TW(NN),GTZWORK2) 60 TO 995
1G8]G+1

MCHSN(NN) =1

MA(IG,I1) = NN

MAT(]G) # NN

ITYPE(NN) = 11

NREGT(II) = NREQT(I])wt

[F(KA .NE, 0) GO TO 900

JF{(NREQT(I1)) 9558,940#9585

RESET FOR SECONDARY SEARCH
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C

1020 XIND = 1
I1 =1
GO Y0 %00

Caan SELECT LEADER
1060 CONTINUE
875 CONTINUE
WRITE(6,1063) (USH(IABC), ABC=IT1,JNDS)
1063 FORMAT{9HOUSHOURS=12F10,5)

c
c LSHIFY = 0 CHECK ALL SHIFTS
C LSHIFT = 14 ONCE TMROUGH LOOP WITH BEST SHIFY
C .
IF (LeHIFY .FG, 1) GO TO 1064
C
C ASSIGN JOR T0O SHIFT tFIRSY WITH ZERO USH OR MINIMUM USH)
C

KTEMP = 111
1F ¢ IIT JEQ, JNDS) GO YO 4064
[IIPL = JI1 ¢ 1
N0 1061 J! = 1T1IP1,JNDS
RTEMP = USH(JI) ~ USW(KYEMP)
WRITE (6,1072) JI,USHIJIY, USH(KTEMP) ,RTEMP

1072 FORMAT(1H016,3F9,5)
IF {RTEMP) 1076,1061,1061

1676 RTEMP = RTYEMP + 0.004%
1F ¢RYEMP)Y 1078,1061.3061

1978 CONTINUE
KTEMP = J!

1061 CONTINUE
LSHIFT =2
G0 Y0 878

1064 FLIG = IG
1F¢16 ,NE. 0) GO TO 1065
IGIND = 2

c DO 1062 T%1,NTMAX

£1062 1G=]G+NREQT(1)

c USH=USH+*ADURCIE)Y«FLOAT(IG)
GO T0 1815

1065 L1 = MAT(1)
JJ = ICE(LD)
IF ¢IG.EQ.1) GO TO 11%0
DO 1080 I = 2,1G
KK 3 MAT(1)
IFCICE(KK)-JJ) 1075,34070,1080

1070 ]F (TPCOMtKKY ,LE., TREOM(LI])) GO T0Q 1080

1075 L] s KK
JJ 3 ICE(KK)

1080 CONTINUE

£
c DETERMINE Z1 = EARLIEST TIME ALL GROUP IS AVAILABLE
c
1150 KK = 0
21 = 0.0
DO 1160 | = 4,16
JJ 3 MAT(D)
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1160

Ceassan

c
1162

Cuuess

1165

C%#&ﬁ%

Cran
Cens
Caas
Cran

Cuuxr

1200

1205

1210
1229

1224
122%
Causn

1240
c

Z1 = AMAX1(Z1.2(JU))
DETERMINE EARLIEST TIME WHWEN THE EVENT CAN BEGIN
JJ = IPE(IE)
TEM2=20,0
1F(JJ.NE,n) TEM2g2C(dJ)
ATEM = KTEMP #SFYHRS
222AMAX1 (21, TEM2,STLIE) ,ATEM)
1F¢22 LY. TLC(IEY)Y GO TO 1462
IGIND = 3
JSH¢KTEMP) = [JSH (KTEHP’ + ADUR s FLIG
GO Y0 1845

PO 1165 1 = 1,16
JJd ' MAT(])
1S A NON-SCHEDULED REST QR SLEEP REQUIRED DUE TO START TIME
WH{JJ)Y = 22-2(JJ)
[F (WH(JJ) NESO0.0) KK = 1
CONTINUE
IF{KK,EQ,0) GO YO 41280
TEM2=2CN+,5
1S THE TIME SINCE LAST EVENT LONG ENOUGH TO ALLOW SLEEP
po 1260 l=t,!6
JJ o8 MAT(D)
TP WH(JJY LY TEM2) 60 TO 4240
18 SLEEP OUOTA FOR DAY USED
IFLDSCJJY ,GE: MAXSL) GD TO 1240
OR ## 18 FATIGUE UNDER THRESHOLD
IF(FAT(JJY LE, TFATY GO TO 1240
NEITHER ase¢ SUM SLEEP TW]8 DAY FOR EACW M [N G
TEM1=MAXSL-DS(JJ)
LIMIT WH(JJy SO THAT DS ,LE. MAXSL
DSEJJISAMING(DS(UJIeNH(UJ) -, 5, MAXSL)
CALCULATE TIME FAY{GUE DUE TD SLEEP RELIEE FOR EACH M IN G
TEM{gAMINL(WHEJJ)STEML) -, 5
IF(YEM1 LE. 9,0) GO TO 1205
FATEJJ) 3 0.0
GO T0 1220
JIF(YEMT LY. £.0) GO YO 4210
FATHJY) = FAT(JJ)a(tise D-~19, 0¢TEM1’/140 0#0,26UNIFM1(0,0))
G0 T0 1220
FATE(JJY) & FAT(JU)#(0,9-0.05¢TEMIa0,2xUNIFML(Q,0))
IFGFAT(UJ)Y LT, pe0) FATEJI) B 049¢
IF(FAT(JJ)Y) ,6T7, 1.,0) FATLJS) B 1,0
ACAL(JJ) = 0,60
TEM1 = FAT(JJ) |
IF(TEML .GT, 0.9} GO YO 1225
IF{TEML .67, p.1%) GO TO 1224
MWSLS(JJ) = 532333333 ¢ FAT(JJ)
G0 T0 1260
WSLS(JJ) = 1476666678FEML+5,8
G0 Y0 1260
HSLS (JJ)®AMAX1 (340,00TEM1~260.0,0.0)
G0 Y0 12610
ADJUST HOURS SINCE LAST SLEER FOR THWIS M
MSLS(JJ) = HSLS(JJ) & WH{JJ)
CALCULATE FATJGUE RUILDUP FOR YW!S MAN DUE TO REST
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FAT(JJ) 5 FBUTLD(HSLS(UUN?
1260 CONTINYE
Cunn CALCULATE PHWYSICAL CAPABILITY OF EACH MAN IN GROUP
ce#s SAVE MAX PHYS CAPABILITY FOR EAgH MaAN
1280 GPCC = 0,0
DO 1295 1 = 1,16
JJ ¥ MATLD)
KK = 1PS(JJ)
TEM2=[ECEKK) /PHREJIY -
1F¥ (TEM2.GE.1.0) GO YO 1285
EXER 3 1.0
G0 10 1290
1285 EXER gz {ZPC-~TEM2) /(ZPE-1.0)
129p TEM§=2(ACAL(JJ)/CALCJJY) e
TEMY = PC(JJ!*PI(JJ)*‘l.D*(i.O-Kii'YEMii'EXER*(l.O-C.1*FAY(JJ))
1F (TEM1,LY.0,0) TEML s 0,0
1f (TEML,67,270) TEM1 x 2,0
MPCClJUJISAMAXYL(MPCCEYY) » TEMY)
PCC(JJYSTEML
129% GPCC = GPCC+TEML
GPCC = GPCC/FLIG
Caux CALCULATE GROUP STRESS THRESHOLD AND GROUP STRESS
GSTRM=0.0
DO 1370 ! = 1.1G
JJ & MAT(I)
1370 GSTRM = GSTRM+STRM(JJ)
GSTRM = GSYRM/FLIG
1379 IF(1E.GE.560) GO TO 1377 - - . .
GSTR = (ADUR «(.B8734 . 0DM *.oZﬁ))l(TLilE)-ZZ)
GO 70 1378 S .
1377 GSYR=GSTRM
1378 IF (¢STR,67.%70) ¢8TR = 5,0
IF(GSTR,LT.170) GSYR#1,0
Coe CALCULATIONS FOR PERFORMANCE TIME ‘AND END TIME
1300 IF(ASD NE:0,0) GO YO 1380
IF (KE JNESL) GO YO 1310
IF{¢Z22+ADUR ) .GY, TL(IE)) GO T0 1320
PT(1E) = ADyYR EE
ZCEIE) = TLOIE)
GO T0 1550 L.
1310 PT(IE) = ADUR
IC(1E) = Z2+PT(IE)
GO T0 1550
1320 PT(IE) = YL(IEY-22
ZC{1E) = YLO1E)
G0 Y0 1550
1380 PAF = 1.0 : :
Cune CALCULATE GROUP PERFORMANCE, GROUP ASPIRAT{ON LEVEL
GPERF =z 0.0 : :
GASP = 0,0
PO 1390 1 = 1.,1G
JJ B MAT(I])
GPERF = GPERF+PERF(JJ)
1390 GASP = GASP+CASP(JJ)
GPERF = GPERF/FLIG
GASP = GASP/FLIG
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Cune
Cuas

1395
1400

1410

1420
1430
1440

1450

Cras

1460

1470
1480

1490

s s N ]

1452
1493

£

1500

SE|LECT ONE OF FIVE CASES COMPARING GASP WITH GPERF
AND GSTR WITH GSTRM
TEM1 = GASP=GPERF
1F (ABS(TEM1Y:LE,D.02) GO TO 1460
TEM2 = GSTR-GSTRM
IF ¢(TEML.GT.050) GB TO 4395
IF (TEM2) 1410,1450,1450
[F ¢TEM2) 14n0,1430,4430
PAF = 1,0v0.4=TEM1
60 TQ 1460
DO 1420 ] = 4,16
JJ = MAT(!)
TEMI=PERF(JJ)~CASP(J)
IF(TEM3,LE.070) GO Y0 41420
TEM32CASP(JJ)e0,1+TEMI#DNORML(D,Q)
1F (TEM3,.GT,.1.0) TEM3 = 1.0
CASP( J)aTEMZ
CONTINUE
GO Y0 1460
DO 1440 ] = 1,16
JJ B OMAT(D)
CASP(JJ) = PERF (JJ)
PAF = 1.0+0,4=TEM1
GO TOQ 146N
GSTR = 0,9%GSTRM
CALCULATE PERFORMANCE TIME
IF {GPCC,GE.1,0) GO YO 1470
SF = 2,0sGPCC
%0 70 1481
SF = 1,5-GPCC#0,%
TEMI = 0.0
J = MAT(D)
EMI = TEM3+PACE(JJ)
GPACE = TEM3/FLIGuSFaRAF

TESY FOR REPAIRS

IF (IE .LT. 201) GO TQ 492
{F ¢ TE ,GT. 560) GO Y0 1492
TEM] = 1 ¢ (ASD «ASD)Z7TADUR # ADUR)
V = EXP(ALOG(ADUR/SQRT(TEML)) + DNORM1(0,0) » SQRT (ALOG(YEM1)))
GO TO 1493
vs ADUR + DNORM1¢0,0) = ASD
CONTINUE
ADUR 2 = ADUR/2,
V = AMAX1(ADUR2,V)

IF (TEM2,GE.n50) GO Y0 1500

TEM3 = (GSTR-1,0)/(GSYRM-1,0)

PT(IE) = GPACE & v #((- 2,3075 & TEM3) + (3.4722 » TEMI # TEM3)
1 + (~=1,829 & TEM3Z # YEMY @ TEM3)ey)

PT({IE) = GPACE#Vet(1,04TEMI4(~2,835075TEMI#(3,4722-1.829+TEM3)))
G0 TO 1535

IF ¢YEM2,6G7,1,0) GO YO 4510
PT({1E)SGPACEs((2,0=TEM221,0)aV=-TEM24ADUR)
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50 YO 1535
1510 PT(IE) = (3,0#V-ADUR J#GPACE
c LIMIT PT(IE)
1535 |F(PT(IE) ,GE: 0.,0) GO TO 1537
PT(1EY = 0,0
| GO YO 1539
1537 TEM1 = 4,0#ADUR
| IF(PTCIE) ,LE. TEM1) GO 7O 1539
PT(1E) = TEMg
Coas CALCULATE REAL TIME OF EVENT COMPLETION
1539 IC(1EY = 72 « PT(IE)
IF{2CCIE) ,LE,TLLIEY) GO TO 1545
PT(IE)=TLLIEY-22
USHEKTEMP) = USH(KTEMP) + FLIG #(JC(IE} - TLUIEY )
ZC(1EY)=TL(IE)
1545 IF¢2c(lEY.LE,24.0) GO TO 1550
pT(IE) = 24.0-22
IC(1E) % 24,0
1550 CONTINUE
Ceus UPDATE HSLS, TW;Z,CBAL,ACAL,IDC FOR EACH MAN
1560 {TRY = [TRY+4
lF({lg.6T.560) GO TO 1366
Do 1565 I=1,NIGR
ITEM=IQR(1)
1F(1E.GE,201) GO TO 1362
CUT(ITEMY=CUTCITEM)#PT(IE)
G0 %0 1565
1562 CDT(ITEM) =CDTCITEM)#PY(]E)
CART (ITEM) = CART (1TEM) ¢ ADUR
1565 EPLcITEM)=CUT(ITEM)/!CuTlIT&M1~CDY(XTEM))
1566 CONTINUE
TEMY = PY(IE)Y
TeEM2 = 2C(1E)
TEMI=TEML
s|bC=0,0
DO 589 ! = 1,1G
JJ 2 MAT(D)
WSLS(JJ) 3 HSLS(JJ)eTEMY
Z(JJ) = 2C(IE)
KK & TTYPE(JJ)
CCAL(JJY) = IEC(KK) #TEM3#(,95+UNIFM1(0,0)/710,)
ACAL{JJ) = ACAL(JU)eBBALLJD)
IDC(JJ) s 1DCCJJI*CCAL YD
TW(JJ) 3 THWOJJI+TEMY
IF{KK,EQ.IPStJJ)) GO TO 1579
CLSDTA(7,ICLASS)® CLSDYA(7,JCLASS) « PT(IE)
TWS(JJISTWS(UJ)«PT(IE)
GO YO 1580
1579 TWP(JJ)sTUP(JJI+PT(IE)
CLSDTALG,ICLASS)® CLSDYA(6,]1CLASS) » PTUIE)
1580 SIDE = SIDC « CCAL&JJ)
IF(SIDC,LE.SIDCMX) 60 TO 1582
SIDCMXxsSIDC
IDCMX=TE ,
1582 TEM2sLODM *YEM1
Cone ACCUMULATE CML AND SAVE MAX
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1585

Cans
Cuosvo

1600

1610

1620
163g

1640

1645
1647

Coun

1650
1655

C“#b

1700

1725

1F (CMLMX,GE,TEM2) GO Y0 1585
CMLMX=TEM?2
1CMLslE
CMLECML+TEM?
EVENT WAZARD AND SUM FOR DAY (TEHW)
EWM = TEMi#IH
TEH = TEHW+EH
CALCULATE PERFORMANEE ADEQUACY
IF(ITRY,GT,1) GO TO 1645
IF (GSTRM,GE,GSTR) GO T0 1610
If {GSTR,LE.5%0) GO Y0 1620
ES =2 0.0
GO Y0 1630
ES {1.0-BEY/(GSTRM«1,0)*GSTR«BE
G0 ?0 1639
ES = (5,0-GSTR)/(5,0~6STRM)
TEMY =TPCOM(LT)
IF (ITYPE(LIYSNE,IPSELT)Y TEML ®TSCOM(L])
EC & 2,04TEMY
EA 3 2,08CASPCLIY
Do 1640 1 = 1,16
JJ ' MATLD)
1F CITYPE(JJYINE,IPSEJYJ)) TEM2 2TSCOMIJI)
TEM2 =TPCOM( D)
EC ® EC+TEM2
EA 5 EA+CASP(JJ)
TEMZ = FLI1G+2%0
EC = EC/TEM2
EA = EA/TEM2
EFsAMINg(1.,0,GPCC)
GO TO 1647
ECxAMIN1 (EC4,2,1.0)
TEM1 = EF+EA
WRITE (6,1650) PA;TEMY,ES,EF,EAEQ
PA 5 SORT((3,psECH(TEM14ES)*ES*TEMisEFwEA)/12,0)
WRIYTE (6,1650) PﬁiTﬁnibES.EF.EAfES
APAgAPA+PA
COMPUTE EFFICIENCY FACTOR

SEF = SEF + (PA#FLOAT(IESS Y1/{CASP(LI)#K?)
WRITE (6,1650) PAFCASR(LI),K? ,SEF
FORMAT(S5H SEF 6F10.5)
WRITE (6,1655) IESS
FORMAT (5H 1ESS 5110)

IS]E=IS|E+1ESS

CALCULATE TIME FATJGUE AND PHYS CAP FOR ALL MEN IN GROUP
GPCCs0,0
PO 1740 | = 4,16
Ju = MAT(1)
FAT(JJ) 5 FBUILDCHSLB(JUJ))

KK 3 ITYPE(JJ)

TEM2=[EC (KK) /PUR EJJ)

IF (TEM2,GE.1%0) GO Y0 1725
EXER = 1.0
60 %0 1730
EXER = (ZPC-TEM2)/(ZPG-1.0)
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1730

1740

Cousn

1750

1752
Ceas
Cunxn

1755

Caes

1760

Coesn

1770

1780

1775

Cuan

1790

X
1800

TEMy=(ACAL (JJ)Y/CAL (JJY)nu2
TEML = PC(JJ)#PI(UJ)«(l.0w(1.0~K1?*7&M13'EXER*l1.DnciiﬁFATtJJ))
IF (TEM1,67.2.0) TEM¢ = 2.0
1F ¢TEM1,LT,0.0) TEML = 0,0
MPEC(JJ)ZAMAXL (MPECEJJ), TEML)
PCCUJJ) & TEML
GPCC = GPCC+TEM1
GPCC = GPCC/FLIG
CALCULATE NEW CONSUMABLE LEVELS
TEMY = PT(IE)
DO 1750 1 = 1.LMAX
KONE(I)=1RC(] )2 TEML
KONC(1) = KONC(I)=KONE(])
CONY INUE
po 1752 1=1,LMAX1
KONE1(1¥sIRCLC(])
KONCL(1)aKONC1¢I)~KONEL(])
CONTINUE
N8 CONSUMABLES ySEDR yP
NETERMINE SUCCESS OR FAILURE FOR EVENT
Sycec = Yy
FDIFF=CASP([I)#K7-PA
IF¢FDIFF,LT,0,0) SUCC=ESSS
CLSDTA(4ICLASS)s CLSDYA(1,ICLASS)
CLSDTA(8,ICLASS)# CLEDYA(B,1CLASS)
CLSDTA(9,1CLASS)=z CLSDTA(9,1CLASS)
[F (SUCC,EQ.BESSS) GO YO 3770
SFPDIFF=SFDIFF+FDIFF
FAJLED
DO 1760 ! = 1. 16
JJ 3 MAT(D)
NOFAIL (JJ) = NOFAIL(JJ)e1,0
NFALESNFALEs2
CLSDTA(4,ICLASS)*® CLSDYA(4,]1CLASS)
G0 T0 1790
SUCCESS
po 3780 1 = 1,16
JJ 8 MAT(D)
NU(JJIBNUCIS) 1,0
NOSYC ¢ g)sNOSUC(JU)+L,0
KK = 1
IF¢(]TRY,EQ,1) GO TO 775
NSUC2=NSUC2#1
CLSDTA(3,1CLASS)® CLSDTA(Z,ICLASS) + 1
G0 TO 1790
NSUC1aNSUC1L+1
CLSDTA(2,1CLASS)a CLSDTA(2,]ICLASS) « 4
CALCULATE PERFORMANGE LEVEL FOR MEN IN BROUP
DO 1800 | = 4,16
JJd 3 MAT(D)
TEML = NOSUC(JJ) ¢ NOFAIL{JJ)
IF{TEML 67, 5,0 «AND., NOSUC(JJ} 6T, 0,0)
PERF(JJ) = NOSUC(¥d)/TEML
CONTINYE
NPRFM(1)aNPREM(1)+4
USHT = USHT « USHUKTEMP)

*
>

L

PA
FDIFF

L

.
-
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Cuns UPDATE MAX SYRM FOR TJE DAY
IF¢MAXST,.GE,BSTR) GO TO 1805
MAXST=GSTR
MAXSTE=]E
180% GO TOQ 1820
Caun COME HERE FOR IGNORE LOGIC
1815 IGNOR = 3
NIGNR=N]GNR&1
PT(1E) = 0,0
CLSDTA(1,ICLASS)s GLSDTA(L,ICLASS) + &
CLSDTA(S,ICLASSYE CLSDTA(S,]CLASS) ¢ 1
GO TO 1824 ) '
Cown TEST FOR PRINT OPTIQON AFTER UPDATING HOURS SPENT IN ACTIVITIES
1820 IF(JE.GT.,200) GO 70 1821
HRSS=PT({IE)aFL IG+HRSS
NPRFM(2)3NPRFM(2) ¢}
GO TO 1824
1823 IF(IE,.G6T.560) GO TO g822
HRSREPT(1E)=F| IG*+HRSR
NPRFM(3}=NPRFM(3)+1
GO 10 1824
{822 MRSEzHRSE+PT(IE)«FLIG
NPRFM(A)SNPRFM(4)+4
1824 IF(ND-IND(4)) 1890,1825,1830
1825 IF (lE.LT.!ND(S)) GO YO0 189¢
1830 IF(IE ,GT, 560) GO YO 1850
IFCIE .GT, 200) GO TO 1849
KK & 1
%L e 1E
F(IGNOR .gQ, 1) GO YO 1880
Go To 1860
1840 KK = 4
LLE(IE - 201)/712#1
IF{IGNOR ,EQ, 1) GO Y0 1880
GO YO 1860
1850 KK = 7
LLelE~-560
{F(]JGNOR .EQ, 1) GO YO 1880
Ceee PRINT EVENT DATA
1860 ]I = KK+2
IPEY = IPE(IE)
TEMY = 0,0
IF (IPET,NE,.0) TEM1 = ZCLIPET)
WRITE(6,9860) ‘T!TLE‘t’JIEKKcII’aLLlNDolTERb‘UCCcZi:ST(IE,oIPET'
1 TEM;.Zz.PT(lE).ZC(!E).USH(KTEMP3.GSTR.GPCC1GPACE.GASP.PA.EH,
2 (KONE(1),1=1,10)5 (KONC(I),]m1.,10), (KONEL1¢]1),}181,1CY, (KONCLLI) I
2 1,10) }
9860 FORMAT(/1H03A6,1355H DAY, 13,43R 1TERATION,13,2X,1A6/
10H MEN AVAIL »F5:4,45H START ALLOWED,F5,14434 PRIOR EVENT,
13,9H FINISHED,F6.2,33H EVENT STARTS.F6,2,6H LASTS.F6.2,
5M ENDS,F6.2,13H UNMANNED HRS,F?7,2/
13M GROUP STRESS5F5:2,9H PHYS CAP,F5.2,5H PACE,F4,1,5H ASP.F8,2,
8H PERF AD,F6,2,4H WAZ,F5,1,/1X,47HPER HR CONS USEDW¥10F6.0,
/4X,17HPER HR CONS LBFT®10F6.0,/1X,15HUNIT CONS USED=1016,
/1%, 15HUNIT CONS LEF':iD!éo/ .
141HOMAN TYPE SPEC LDR RANK FATIGUE PHYS CAP HRS WRKD CALORIE!

Oy OO Ut & i o
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7 ChL S+HRS SINCE S EEP IDLE MRS SLEPT CUM PERFE  ASP)

DO 1870 I = 1,16

11 = MAT(I)

KK 3 ITypE(Il)

YEML = PEA 7

IF(KK,Ng.IPStI1Y) TEM1sESSS

TEM2 = BLANK

1F (11,EQ.LIY TEM2 = gTAR

TEMIS[EC(KK)

WRIYE(6,9865) !I.KK.TEMi,TEMZ.XCEII!>pFAT(II).PCC(IIi.TN(II);

1 CCAL(II);ACAL(I!’FHSLS‘II’.NH‘I!’:QSQ!l),PERF‘II).C@SP(IX,
oR6H FORMAT (I4v15¢2A6)IS:F&.33?9.3:?9.2;F9.1;F10.1;F11.1:F5.11F10.1,
1 F9,2,F5,2)

c
16870 CONYTINUE
530 Y0 1890
Coas PRINT IGNORE DATA
{BB0 1 = KK¢2
WRITE(6,9880) (TITLE®]),1sKK,110,LL,ND,ITER
9880 FORMAT(/1H03A6,13,5H DAY, 13,11H [IYERATION, I3,
1 18M 1S [GNORED DUE YO)
IF(IGIND .GT, 1) GO YO 1881
WRITE(6,9881) 1ESS
9881 FORMAT(iM+,63X,20HLOW ESSENTIALITY OF 12)

50 70 1890

1881 1F(IGIND .GT, 2) GO TO 1882
WR]TE(6,9882)

9882 FORMAT (H+, 63X, 1gHNULL GROUP)
GO TQ 1890

1882 IF(]GIND .GT, 3) GO 7O 1883
WR]TE(6,9883)

9883 FORMAT(1H+,63X,17HNO TIME AVAILABLE)
G0 Y0 1890

1883 IF (IGIND .GT7 4) GO TO 3884
KK 8 TS (1E)

WRITE(6,9884) (KONT(IiKK),1e1,10)
9884 FORMAT(1He,63X,38HCONSUMABLE (UNIT/HOUR) BELOW THRESHOLD/1W0y10F8

1 0)
GO Y0 1890
1884 XK =z T1S1 (IE)
WRI$E (6,9885%5) (KONT4¢1,KK).1=1:10) »
9885 FORMAT(4H+, 63X, 34HCONSUMABLE (UNITS) BELOW THRESHWOLDZ1H0,10F8,0)
Caun CWECK ]F RETRY OF EVENT 18 NEGESSARY
1890 JF(SUCC.EQ,ESSS) G0 YO 1892
IFCITRY,GT.1) GO TO 1892
IF(IGNOR .EQ, 1) GO 7O 1892
IF(RTU(}E).EQ,3) GO 70 1892
21=2¢c(1E)
22321
NREPT=NREPT#+1
IFCRTUCIE) .EQ,1) GO TO 3539
1810 PT(1EY=0,5#PT(IE)+ASD *DNORM1(0,0)
g0 TD 1539
Cavs INCREMENT EVENT COUNTER AND TEST FOR END OF DAY
1892 1EIE = INVS(IE)
KK = NPTRCIEIE)
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c
C

c

o

c

L XX
L- -2

1898

L

1900

1910

L -

1920

1921
1922

1930

Cuos

0

1931

1932

) (EQ, 0) GO TO 1920
E) .LE. 200) GO TO 1900

[F(NPTR(IEIE
IF{ NPTR{IEI]
KK = lE
1E = NPTRCIELE)
[F EVENT 1S NOY ScWBDULED WE MUST PRESERVE CHOICE OF FOLLOWING
EVENT FROM NX ANRD PRB FQR CURRENT EVENTY
DO 1895 | = 1,3
RPRB(1,1E) = PRB(1;KK)
GO Y0 850
DETERMINE NEXT EVENT USING NX AND PRB
TEMY = UNIFM1(0.0)
KK = 1
IF ¢TEM1,LT.PRB(1,1EY) GO0 TO 1910
KK = 2
IF ¢(TEM{,LT,PRB(1+1EY#PRB¢2,1E}) GO TO 1910
KK 2 3
{E & NX(KK,1E)
GO T0 8%0
CALCULATE AVeg PHYS WORKLOAD AND COMPgTANCg fOR gACH CRgW MgMBgR
CCC = 0.0
ETEM = 0,0
TEMP = !c
DO 4830 I = 1;!(:
APWEL)Y 8 IDCCIY/CALCI) =YWLl )/WORKY
IF 4TW¢I) ,gT% 0.,00%) GO YO ¢921
YEMP = TEMP - 1,0
GO T0 1922
ETEM = ETEM » PERF(])
IF (PCOM(I),6E,CASP(])) GO TO 1930
PCOM(1)S(CASP(1)=-PCOMCI))aNU(TI}u0,0017+PCOM¢LI)
CCC ® CCC+PCOMLI)
CCC = CCC/FLIC
ETEM = ETEM/TEMP
PERFORMANCE EFFICIENGY
TEML=(1,0~ (USHT/CWORK1aFLIC)))n(SEF/FLOAT(ISIE))
WRITE (6,1068) NIGNR,NSUCL1,NSUC2,NFALE
WRITE (6,1063) TEM1
PEFF=TEM1a (170~ (FLOAT(NIGNR)/FLOAT(NSUCL«NSEHCReNFALEY )

COMPUTE EQUIP AND WUMAN STATS FOR WURT
ATEM=0,
BTEM=0.
CtEMen,
DTEMEO'
TEML=1QMAX
DO 1932 1l=1,10MAX
xr {eonT (1) ¢ CUTUIY +GT. 0.001) GO YO 19314
- T M1 « 1,0
0 1932
CONYINUE
ATEMaATEM* EPL(I)
BTEMSBTEM + CART(])
CTEMECTEM+ CDT(I)
DTEM=DTEM+ CUT(I)
CONTINUE
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AEP|sATEM/TEM1

EPEFF=AEPL/CTEM#BTEM

[F(EPEFF,LT,0;) EPEFFS$Q,
1F(EPEFF,GT,417) EPEFFS®1,
EMTBF=DTEM/(DTEM+CTEM)
EMTYR=BYEM/FOAT(NR)
SRL=0.7+8,574%(ETEM~0,65)°(AEPL-0,9)
SPLz0,748.5714(PEFF=0,65)#(EPEFF=0.9)
SGEMe( (SRL=0,7)#u2+(8RL=0,7)®%2]/2,0
IF{SGEM.LT.0.) SGEM=E,

SGEM=zSQRY (SGEM)

[ ]

IF(ND.EQ,NDMAX) G0 Y0 1960
Cows CALCULATE PHYS INCAPACITIES
NPl = IPUYSN(FLIC/MPI)
1F (NP],EQ,qg) GO TO 1960
DO 1950 ] = 1,NP!
11 % UNIFM1(0:0)aFLIC
PI(11) = 0,2sUNIFM1¢0,0)40,75
KK = TPUYSN(PID)
IF¢kK ,EQ,0) PI(II)=1,0
1F (Kkk.GE.1) KK = KK-1
1950 PI2UI1) = KK
Cosst CALCULATE SAFETY INDEX
1960 CONTINUE
THW 0,0
DO 1970 1=1,1C
1970 THWSTHW+TW(I)
MR = TEH/(9.,#THK)
CML s CMLZ(9,2THHW)
SI = 9,/8,#(1.~-HR)
1980 CONYINUE
TEM2=CN+ .5
DO 2260 JJ=1.,1C
WHEJJ)Y224,0-20JJ)
IFEWH(JJ) LT TEM2) GO TO 2240
1IF(DS(JJ) ,GET MAXSL) GO TO 2240
TEML1=MAXSLDS(JJ)
DStJJ)SAMINI (DS tUJIeNH{JJ) =, 5, MAXSL)
TEM1=AMINT (WH(JJ)5 TEMLY-,5
JF{TEML ,LE, 9,0) GO T0 2205
2200 FAT(JJ) = 0.0
60 Y0 2220
2205 IF(TEM1 ,LT, 1.,0) GO TO 2210
FATLJJ) & FAT(JJ)&((138,0~19.0¢TEM1)/140.0*0.2~UNIFM1(0.0))
G0 Y0 2220
2210 FAT(JJ) = FAT(JJ)®#(0,9-0.05«TEM10,2%UNTFML(Q.0))
2220 IF(FAT(JJ)Y LT, 0:0) FAT(JJ) ® 0,0
1F(FAT(JJY ,GT, 150} FATLJS) B 1.0
ACAL(JJ) 5 0,0
TEML 5 FAT(JJ)
IF(TEM1 ,6T. 0.9) GO 7O 2225
IF(TEM1 ,GT., 0,1%5) GO TO 2224
HSLS(JJ) = 537333333 ¢ FAT(JJ)
GO TO 2260
2224 WSLS(JJ) = 147666667sTEM1+5.8

206




2225
2240
2260

2285
2290

2295

2030

COyUTP

GO TO 2269
HSLS(JJ)=AMAX1(310,08TEM1=260,0,0,0)
GO TO 2260
HSLS(JJ) = HSLS(JJ) » WH{JJ)
FAT(JJ) = FBUILD(HSLStJUY))
CONTINUE
DO 2295 JJd=1,1C
KK =2 1PS({JUU)
TEMR2=1EC(KK) /PWRT JJ)
IF (TEM2,GE.1:0) GO Y0 2285
EXER = 1,0
GO 1O 2290
EXER s (2PC-TEM2)/(ZIPC-1.0)
TEM1=sCACAL (JJ)/CAL(JJ))oe2
TEML = PCUJLI®PI(UJ)®TL,0~(1,0KL)#TEML)EXER®(L,0=C,14FAT(JJ))
IF €TEM1,LT7.0,0) TEM1 = 0,0
IF ¢TEM1,67v.2,0) TEMS s 2,0
PCCtJuY=TEMY
IF{NFALE ,NE, 0) SFDIFFsSFDIFF/FLOATINFALE)
APAZAPA/FLOATINSUCL+NSUC2+NFALE)
CALL OUTPR2
IFI(ND.GE NDMAX) GO TO 2030
NRanND+yq
GO 10 650
CALL OUTP3
IF(CITAP (EQ, 1) ,AND, (N ,GT, 1)) ENDFILE g0
NDAYS=NDAYS+ND
Ig¢ITER, LY, N) g0 TO 50
Call, OUTP4
G0 Y0 10
WRITE(6,3001) ITEM
FORMAT(26HIFATAL I/0 ERROR FOR REC,- 18)
STOP
END
1 SUBROUTINE QUTPY4
SUBROUTINE 0UTPY
INTEGER P12 ,
COMMQN/GCOM/PCOMtzol.SCOMizo).IPS(ZO!.lSS!zo).TPGOM(ZO).TSCQM!QO)
COMMON/SEVENT/IEYYP(S70),TL(570),87(570),EDCV(3,570),1PE(570),
1 TS5(570),TS1¢(570)5NX¢3,570),RTULB70),IFO01(57Q),EFN(570),NIF(570)
2 |EBDC(3,570),PRB(3,570),N0SE,NEQRE ,NEME,DI(9)
COMMON/OPP1/ 1AAC4)Y;PC(RO)+PACE(RD),ASP(20) ,HEL5(207,P1(20)
1,P]2(20),1CE¢20)
COMMON/QPP2/ TW(Q0), YWP(20), TWS(R0).DS(20),APW(20),PCC(20),
1 CASP‘ZO’)!DC(?O’I NSUCL NSUEG2 . NFALE,NIGNR,
2 KONC(10),KONC1(10), B1,CML,ND,JTER,NDAYS,MPCC(20),FAT(20)
3 +STRM(20),CALC20) ¥PWR(20),CCALL20) /NU(20)+PERP(20) NPRFM(4)
4 s APA,SFDIFF,CLSDTA(L1D,40)
COMMON/QPP3/1C,FLIC,NREPY,HRSE; HRSR, 4RSS, PEFF,
1 MAXST ,MAXSTE, USHTyNR;NTE,NE,TEH,CMUMX, 1CML,SIDEMX, IDCMX, 1CSS
 COMMON/OPPA4/EPL (30),EDT(30),CART(30),CUT(30).,
1 AEPL ,EPEFF ,EMTBFEMTYR,SRL»SPLiSGEM
REAL, MAXST,IITER ;JITER
COMMON/IPARAM/APST ;WORKY ,WORK2,SLEEP,CN,MAXSL,TFAT,ACP,
1CALRY,PWRRT,K7,K1;BE, AASR,KON(10) ,KONT(10,10),KON1¢16),
2 KONT1(10,10),8ESTA(10) ,RELI(4),N,1ET, IND(7) ,NDMAX
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REAL IDC, KON, KONC, MPCC, NU, IMTAB(13,21710),KON1
DIMENSION OUTA(SS).YEM3120).DALYt35.3o>.IITeRtsﬁ,ici.T3<10>
DIMENSION TOUTA(13,%8) NTIPE(10),TPALY(13,10,30), TIITER(13,10,10)

L ADALY(10,300, IDALY1(10,303,J17ER(20,10),0UTB(20)

DIMENSION CLSNME(37)+8LSDT1(40,40),CLSATR(10,40)

DATA CLSNME/ LHC 51M0,1HD » 1 HA » 2HEY »4HEURM  , 2HEC
+ JWECA » 2HER  2HED + JHEIP » 2HE! J4HERPT  ,SHELURM ,

1
2 3JHELC » SHEL A i JHEBLR + SHELD JAMELER , JWELI +SHELRPT ,
3 SHEMURM , 3HEMC #SMEMA » SHEMR » SHEMO »AMEME] , 3HEM] '
4 SHEMRPT ,4HMURM ,2HMC )y 2HMA » @HMR » @HMO » IHME )
5 2HM] + 4HMRPT /

DAYA Cl/6H /

Do 380 1=1,10

I80 NTIPE(1)=0
DO 390 I=1,1C
KeIPS(1)

39Q NTIPE(K)=NTIPE(K)+4
1IF¢INDC2) EQT 0) RETURN
WRITE(6,9414)

9414 FORMAT(17H{PRINT OPT]ION TWO/3H CE:7x.2HPC,5x.4HPCOH.5x»4HSCOM;5x:
14HPACE.6X.3HASP.5X?4HHSLS,7X,2HPIQ

K =

0o 480 I 2 1,4

KK = 1,401

Ir (KK,gQ.0) 60 YO 420

SCOMA = SCOM(K)

PACEA = PACE(K)
ASPA = ASP(K)
WSLSA = HSLS(K)
PIA 2 PI(K)
IF (KK,EQ.1) GO TO 415
DO 410 J 3 2,KK
K 5 K+1
PCA = PCA+PCtK)
PCOMA = PCOMA+PCOM(K)
SCOMA = SCOMA+SCOM(K)
PACEA = PACEA+PACE(K)
ASPA 5 ASPA+ASP(K)
HWSLSA = HSLSA+HSLEB(K)

410 PIA s PIA®PI(K)
TEMY = KK
PCA = PCA/TEML
PCOMA = RPCOMA/TEM1
SCOMA = SCOMA/TEM1
PACEA = PACEA/YEM]
ASPA = ASPA/TEM1
HS,SA = MSLSA/TEM}
PIA = PIA/TEMY

415 WRITE (6.9415?!.PCA,FGOMA.SCOMA,PACEA.ASPA,HSLSA,PIA

9418 FORMAT(13,7F9:3)

420 CONTINUE

WRITE(6,9416) (I.PC(I}:PCOM(!)osCOMCI).PACE(

1, )
1 PICI),PI2C1),FATCE),BTRMET),CALC]) PHRCT), ICES

AS HSLS(I),
1 185(1),

P(IY»
.IPS(I’O
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9416

425

-

435
9417

437

440

450

460

1998
2000

2 I=s1,1C)
15X.4HH§L5.7X.2HPIiSX.3HP12.6X.SHFAT,SX.4HSTRH.6X.3HCAL.6X.3HPNR.
26H 1CE,6H IPS; 6MH 158/¢13,7FP9,.%,16,2F9,3,F9,0,F9,3,314))

po 425 1=1,12

QUTA(I) = 0.0

DO 430 I=1,IC

OUTA(1) 5 OUTAC1)4PC(I)

OUTA(2) = OUTAL2)+PCOMC])
OUTA(3) = OUTA(3)*SCOMC])
OUTA{4) = OUTA{4)+PAGEC])
QUTA(5) = OUTA(S)+ASP{I)
OUTA(6) & OUTALG)#HSLS(])
OUTA(7) # OUTALT7YSPI(])

DUTA(8) & OQUTAtBYFLOAT(PI2(I))
OUTA(9) = OUTA(9)+FATLI)

DUTA(10) = OyTA(10)48YRM(])

DUTAC11) = QUTA(LI)I#CALL(])

QUTAC12) = QUTAC42)+PHR(])

DO 435 1=1,12

QUTA(T) = OUTA(IY/FLIE

WRITE(6.9417) (OQUTA(IY ]%8,12)

FORMAT(OHOAVGS /MAN/3IX57F9,3,F6,2,2F9,3,F9,0,F9,3)

TOUTA(3,Ky=ToUTAC3, )+ THS(])
RETURN
ENTRY XXIN

NREIs0

curl=0.,0
CARYI=¢.0

CDT1s0,0

Dp 437 1=z1.,40
DO 437 Jsi,16

cLsoTifu,1)=0,0

DO 460 151,10

DO 440 J=1,35

HYER(J, I)=0%0

DO 460 KK=1,13
DO 450 J®1,21

IMTAB(KK,J,1) =2 0.0

DO 460 J=1,10
Té!TER(KK.J.I):o.O

REYYRN

ENYRY OUTP2

DO 2000 J=1,13

DO 1998 1=1,10
TOUTA(J,1)=0%0
QUTAtJ)=0.0

Do 2010 l=1,1C

Ks]PS(I) ,
TEM3(1)=224,9=DStI1)=YN(]]
IMTABC1, I,ITER) s MTABLYL, ],ITER) + PcC(])
OUTACL)SOUTALL)+PCC(])
TOUTACL,K)=TOUTACL, KY+PCC(])
IMTAB(2, 1,ITER) = IMTAB(2, 1,ITER) ¢ TWP(I)
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OUTA(2)50UTA(2)«TWP(])
TOUTA(2,K)=TOUTAT2,K)+TWP(])

IMTAB(3, I,ITER) = IMTABL3, Il,ITER) «

OUTA(3)20UTA(3)+THS (1)

{MTABC4, 1,IYER) = IMYTAB(4, I,ITER) «

QUTA(4)s0UTAL4)#DSL])
TOUTA(4,K)=TOUTAL4,K}+DS(])

IMTAB(5, I,ITER) = IMYAB(5, 1,ITER) ¢

QUTAL5)a0UTA(S)+ TEMZ(])
TOUTA(S,K)=TOUTA(S,K)+TEMI(])

IMTAB(6, 1,ITER) s IMTAB(6, I,I1TER) +

QUTA(6)SQUTALE)+FAT(])
TOUTA(6,K)=TOUTAC6KY+FAT(])

IMTAB(7, 1,ITER) = IMYAB{7, 1,ITER)

BUTA(7)=s0UTA(7)+P1(])
TQUTA(7,K)=TOUTAY7,K}+PILI])

IMTAB(S, 1,1TER) * [MYAB{8, 1,ITER) +

QUTA(B)SOUTALSB)+APW(T)
TOUTA(B,K)Y=TQUTA(8,K)+APW(])

{MTAB(9, 1,1TER) = JMYAB{9, I,[TER) «

QUTA(9)=0yUTAL9)+PCOMY(T)
TOUTA(9,K)y=TOUTA(9,Kj+PCOM(])
IMTAB(10, I,ITER) 5 IMTAB(10., I,ITER)
ODUTA(10)=0UTAC10)+CASR(Y)
TOUTACL0,K)=TOUTACLOyK)+CASP(I)
OUTA(11)=30UTA(11)+IDCYT)

JMTAB(11, 1,1TER) = [MTAB(11, 1,I1YER)
OUTA(12)=0UTAC12)+PERF (1)
TOUTAC14,.K)STOUTACg4eK)+PERF (1]
[MTAB(12, 1.,ITERY = IMTAB(12, I;!TER)
TOUTAC12,K) = TOUTA(42,K)+NUCT)

2010 DUTAC13)=0UTACL3Y+NULD)

DO 2020 151,13

Do 2018 J=1,10

KeNTIPE(J)

TWS(I)
ps(1)

TEM3(I)

FAT(D)

PIC1)

APW( L)

RCOM( 1)

« CASPL(ID)

« PERFLI)

+ NUCT)

IF (K,NE. 0) TOWUTAEI, J)=TOUTALL,J)/FLOAT(K)

2015 CONTINUE
OUTACIIZ0UTACT)/FLIC
2020 CONTINUE
DALY ¢1,ND)Y=NSUCY
DaLY(2,ND)=NSUC?2
DALY(3,ND)=NFALE
DALYt4,ND)=NIGNR
DALY(5,ND)=0UTA(2)
DALY (6/ND)=OUTA(3)
DALY(7,ND)=0UTA(4)
DALY (8:ND)=OUTA(S)
DALY(9,ND)=KONC(1)
DALY(10,ND)=KONCT2)
DALY(11.ND)=KONC(3)
DALY(¢12,ND)=0UTA(8)
DALY (13,ND)=CwM|,
DALY(14,ND)aDUTAYS)
DALY(15.,ND) = APA
DALY(16,ND)=0UTAT6)
DALY(17,ND) = OUTA(10)
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DALY(1g,ND)=20UTATL7)
DALY(19,ND)=S!
DALY({20,ND) = NPRFM(3)
DALY(21,ND) = NPRFM(4)
DALY (22,ND)=NREPY
DALY(23,NDy = HRSR
DALY(24,ND) = HRSE
DALY{25,ND) = MAXST
DALY(26,ND) = CMLMX

DALY(27,ND)=PEFF
DALY(28,ND) = TEM
DALY(29,ND) = SFDIFF
DALY(30,ND) = NSUE1 & NSUC2
DALY({31:.ND) & USHT

DALY (32sND) = ICSS
IQMAX = NEQRE
DO 2034 l=1,1QGMAX
CUTI=CUT] + CUT(Y)
CDT1=CDTY + €DY(])
2034 CARTI=CARYI + CART(})
NREI=NREI + NR
Do 2032 1=1,10
ADALY(I,ND) = KONC(I)
IDALYL (I,ND) = KONCYL (1)
2032 CONTINUE
DO 2025 J=1,10
DO 2025 1=1,12
2025 TDALY(I1,J ND)xTOUTAL],J))
DO 2022 121,40
DO 2022 Js1,9
CLSBYR(J, I)=CLSDTRCUsI) » CLSDTA(J, 1)
2022 CLSDTI(J+1)=CLSDTI(Jel) ¢ CLSDTA(V, 1)
IFCIND(S)Y,GY ND) REYURN
1990 NPRFM(1) = NPRFM{1)«NiGNR
FNTE = NPRFM(1)
N1S4sNS|UC1+NSUC2
TEM1sHRSS+HRSR+HRSE
T3(1)=FLOAT(NFALE)/FNTE#100.0
TR(2)=FLOAT(NSUL1)/FNTE#100,0
T3(3)=F.OAT(NSUC2)/FNYE#100.0
T3(4)=FLLOAT(NIGNR) /FNYE#100,0
13(5)=2FLOAT(NREPY)/FNYE#100.0
WRITE(6,9984) ND;ITER;(NPRFM(I),]n1,4),NREPT,N1S1 ,NFALE,NIGNR,
1 TEMi:HRSSIHRSR!HRSE'USHT'AP‘ISFD‘FFD
1 (Y3¢!),1=1,5),S1sC],CML,PEFF; TEN,
2 MAXSY;MAXSTE,CM(MX,1CML ,SIDCHX, IDCMX,1CSS
3 ,(KONC1(1),121,10), LKONC(1),131,10)

9984 FORMAT(15H1REPORT FOR DAYI3,411M3 JTERATIONI3Z19H NO, EVENTS+--TOT/
1L14,12H  SCHEDULEDI4,9M  REPAJR]4,12W  EMBERGENCY!4,10H  REPEA!
2§14,12H SUCCESSES!4414H  FAILURESI4,10H  IGNORES14/22M HOURS
IWNORKED~-=TOTALF6,1v11M SCHEDULEDF6,1,8H REPAIRF6,1,7H EMER,
4F6,1,10H UNMANNEDF7,.1,45H AVG PERF ADEQF5,2,14W AVG FAIL DIFF
5 F&4,3/ 25H PERCENTABE OF--~FAILUREFS,1, {54 S§UC(
6, 45T TRYF5,1,15K SUEC, 2ND TRYF5,4,9H IGNOREDF5,1;9H REPEATSFS
7,1/14H SAFETY INDEXF8:2,16(1H ),1A6,134 MENTAL LOAD
B F8,2,108 PERF EFF F9:3:6W HaZ, F7,0.42K /
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943H MAX, STRESSF6:2:9H ON EVENT14,18H MAX, MENTAL LOADF4,0:
AOH ON EVENTI 4, 20H HAI CAL, EXPENDEDF9 0,94 ON BVENTI4,10W SEA 81
BATE [3/20H CONS, BAL, (UNITS) 1017 ,/23H CONS, BAL. (UNJTS/HR) 1(
CF7.0)

WRI»E(6,9985)

9988 FDRMAT(125HOMAN TYPE PHYSICAL MOURS WORKED SLEPT IDLE FAT]GL

1 MEALTH AVG PHYS GOMPETENCE ASPIRATION  PERFORM NUMBER
2 /9H NO,, 10X, 4HCAR 4%, 12HPR]IM, 2ND,25X,5HINDEX; 2X, 8HWORKLOAT
329X, 4HCUM, ,4X,85HSUCC, )

DO 1991 Is=1,1€

WRITE(6, 9987) I,IPSHI),PCCLYI) TWPLY),TWSCI)ADS(]),TEMI(T)LFATL]),

1PI(1)APWLT) ,PCOMLT), BASP‘I)o PERF(11,NU(])
9987 FORMAT(4H ,I13,16,F10.3,2F7,2,F7.4,F6,1,F9,2,F8,2,F17,2,F12.,3,
1;.1212‘ F9|20F8Q0,

1991 CONTINUE
WRITE(6,9988) (OUTA(}),]1=1,40),0UTA(12),0UTALL3)
9988 FORMAT(9HOAVERAGES/9W PER MANF11,3,2F7,2,FY,1,F6.1,F9,2,F8+2,
1 F10,2,F12,3,F12,2+F9,2,F10,2)
WRITE(6,9989)
9989 FORMAT(1HO0//17HOAYERAGES BY TYPE/{LH NO TYPE)
DO 1995 131,310
KaNTIPE(])
Ip(K.EQ,0) gO TO 1999
WRITE(6,9990) K,15(TOUTALY 1), J81,12)
9990 FORMAT(215, F10.3,2F7.2,F7,1:F6,4,F9,2,F8,2,F$0.,2:F12:3,F22,2,
1 F9,2,F8,2)
1995 CONTINUE
WRITE(6,1996) (1;CARY{]Y,CDPCIY,.CUTCI), EPLIL), ]I, 1QMAX)
1996 FORMAT(//1H0+25X¥32MDAILY EQUIRMENT PERFORMANCE DATA //
1 27W 1@ CART CDT CUT EPL /(13,4F6,2))
WRITE(6,1997) AEPLYEPEFF,EMTBF,EMTTR, SRL.SPL.SBEM
1997 FORMAT(//6H AEPL4F6,2,4x%,6HEPEFFEF6,2,4X%,6HEMNTBFEF6,2,
1 4X,6HEMYTR=F6,254X,4HSRLuF6,. 254X, 4HSPLuF6,2,4X . 5HSGEMEF6,2)
WRITE(6,2159)
2159 FORMAT(//1H0s30X;244SUMMARY BY EVENT CLASS /
1 85 W CLASS TOT PERF MRS PRIM MRS SEC SUEL 8uUc2 FAIL 1IGNCRI
1 PERF AD AV FAIL DIFF )
DO 4p I=1,40
JF(CLSDTA(1,1}.LE.0,0) GO TO 40
DO 30 J32r9
30 CLSDTAtJ,I)= CLSDTAEU,1)/CLSDTA(Y.,])
WRITE(6,2160) 1, CLSDYA(L,I),CLSDTA(6,1),CLSDTA(7,]),C
1 CLSDTAts.I).CLSD7A(4;I),CLSDTA15aI).CLSD A(B,1).CLSP
2160 FORMAT(16,F10.0,F10:2F9.2,3F6.2,F8,2,F9,2,F12,2)
40 CONTINUE
RETURN
ENTRY OUTP3
2030 WRITE(6,9029) ITERyNDMAX
9029 FORMAT(ZiHlREPORT FOR ITERATIONI3,3H OF13,15M DAY MISSION=-~Z
2 127H DAy NUMBER QF EVENTS AVE, MAN MOURS SPENT
égeyg-=-=--END OF DAY AVERAGES--—-—n-—’w INDICE
4/5x 125H SUCY SUC2 FAIL JGNORE PRIM, SECOND SLEEP IDLE
5 RPHYS LD MEN LD COMP APA  FAT, ASP HLTH SF

LSDTA(2+ 1),
SpTAt9, 1)

6Y/)
DO 2031 J=1,NDMAX _
2031 WRITE (6,9030) J, (DALY(I,J).12%,8),(DALY(1,J),1812,19)
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9030 FORMAT (]4,1%,3F5.0,P7.054F7,2,24X, FB8,2,F8,2,F6,3,F6.2,
1 F6,2,F5,2,2F6,2)
FRaNDMAX
T0T=0,0
DO 2055 1s1,NDMAX
DO 2055 J=1.,4
TQT=TOTeDALy (), 1)
2055 JITER(JLITERY=1ITER(J#ITER)SDALY(J,])
DO 2056 J=1,4
2056 JITER(J,ITERYSIITER(JyITER)/TOT%400,0
Nnp 2058 Jss,8
DO 2057 1=1,NDMAX .
2057 JITER(J,ITER)=1ITYER(J3ITER)«DALY(J,])
2058 I]YER(J,ITER)=IITERNU,ITER)/FD
DO 2061 1=1,10
JITER(I,ITER) 2 KONCEI)/KON(]) #100.0
ZTEM = KDNC*‘I)
JITER(1+10,ITER) = ZYBM /KON1(I) ,100,0
2064 CONTINUE
DO 2060 J®12,19
DO 2059 1l=1,NDMAX
2059 JITER(J,ITER)=IITER(J#ITER)*DALY(J)])
2060 I[TER(J,ITER)=II1TERLJ, ITER)/FD
WRITE(6,903¢) C(TITER(I,ITER); I54,8),CIITER(I,ITER),1212,19)
9034 FORMAT(1H /%X,22H<w~PERCENT OF TOTAL~~=6X;13HAVERAGE PER DAY7X,
1 24H 18Xy15HAVERAGE PER DAY/
2 5X,3F5.1,F7,1,4F7:2,24X, 2F8,2,F6,3,F6,2,F6,2,F5,2/2F6,2)
DO 3Ip1g J=1,NDMAX
WRIYE(6,3040) (ADALYEI-J)»181,1D0)
3040 FORMAT(24H CONS. BAL., (UNITS/HR) 10F7,0)
3010 CONYINUE
WRITE (6,3050) (JITERVJ,ITER),JEL,10)
3050 FORMAT(24H PERCENT OF ORIGINAL 10F7,3)
DO 3020 J=1,NDMAX
WRITE (6,3030) C(IDALY$(1sJ),1%1,10)
3030 FORMAT(24H CONS. BAL. (UNITS) 1017)
3020 CONTINUE
WRITE (6,3050) (JITERYJ,ITER),.®11,20)
WRITE(6,903158) -
90315 FORMAT (/134H DAY NUMBER OF EVENTS  AVE, MAN HQURS SPENT
1AX STRESS MAX MEN LD PERF EFF HWAZARD AVG FL DIFF NUMBER UNI
2ANNED SEA , 8X,;3BMREPAIR EMER  REPT REPAIR EMERGENCY,63X,
3 SHSUCC,,3X,BHHOURS,2X,6R STATE)
DO 2062 J=1,NDMAX
WRITE(6,90316) J,¢DALY(],J))1®20,32)
Do 2062 1=20,32
2062 1ITER(I,]TERY » IITER(I,ITER)+DALY(!. )
90316 FORHAT(I4|1X;F9.17?61.F6o -F9.10713.1oF12.2nF12.2 ’
1 F12,3,F8,2,F13,3,F8,2,710.2,F5.1)
po 2063 1=20,29
2063 JITERC1,1YER) = IITERC{I,ITER)/FD
JITER (32,ITERY = IJYBR (32,ITER)/FD
JITER(31,1TER) 3 1ITER(34,ITERY/FD
90317 FORMAT(/9HOAVGS/DAYF@#.1,2F6.1,F8,1,F13.1,F12,2,F12.2,
1 F12,3,F8.2,F13,35F10;2,F10,2,F5,1)
WRITE(6,90317) (11TERCI,ITER),]#20,32)
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WRITE(6,9034)
9034 FORMAT( /// 30HOAVERAGES BY TYPE OF PERSONNEL/)
WRITE (6,9032)
9932 FORMATC  125Hg TYPE PHYSIGAL HWOURS WQRKED SLEPT IDLE FJ
1TIGUE HEALTH AVG PHYS COMPETENCE ASPIRATZON PERFOR!

2 NUMBER/4HW NO,,10X,4HCAP,4X,12HPRIM, 2ND,; 25X ,5HINDEX, 2X,
3 BHWORKLOAD,38X,4HCUM,, 4X,5HSUCC,}
DO 2065 1=z1,NDMAX
DO 2065 J=1,%0
KaNTIPE(J)
IF(K.EQ,0) GO TO 2069%
9933 FORMAT(4H 13,16,F10.3,2F7,2,F7.1,F6.1,F9,2,f8,2,F10.2,F12.3}
1 F12,2,10X,F942,F8,2)
DO 2964 KK=1,12
2064 T1xTER(KK.J.ITER)=TttTER(KK.J.ITER)*TDALYtkknJaI’
2065 CONTINUE
Do 2067 J=1,%0
KsNTIPEC(S) .
IFEK.EQ,0) GO TO 2067
DO 2066 I1=1,11
2066 TIITER(],J,ITERY®TIIYERL],JsITERY/FD
NRITE(6¢9991)KJJ9‘T!XYER‘IDJ'ITER,0131012)
9994 FQRMAT(215 JF10.3,2F%,2,F7.1,F6.,4,F9,2,F8,2,F10,2,F12,3,F12,2,
1 10XF9.2.F8,2)
2067  CONTINUE )
2070 CONTINUE ,
T3(4)=CUTI/Z(CUTI¢CDTY)
T3¢(2)=CARTI/FLOATU{NRE])
REMTB=REMTR # T3(1)
REMPRZREMTR « T3(2)
1F(IND(7).EQ,0) RETURN
WRITE(6,9275)
9275 FORMAT(3QNOAVERAGES PER DAY FOR EACH MAN/)
Do 2072 1=1,12 '
2072 OUTA(1)=0Q.0
Do 2080 Is1,1C
DO 2075 Jai,12
IMTAB(J,1,ITER) = IMYAB(J,I,ITER)/FD
2075 OUTACJ)wQUTA(JY+IMTABCU, I, ITER)
2080 WRITE(6,9991) I,IPSt1), {IMTAB(Ji1,ITER),J"1,12)
DO 2082 ]=1,1?2
2082 OUTA(1)sOUTA(T)/FLIC
WRITE(6,9996) (OUTA(1),1=#1,12)
9996 FORMAT(10HOAVERAGES
1 F10:¢3,2F7.2,F7,12F6.4,F9.,2,F8,2,F10,2+F12,3:F42.2,
1 10%,F9.2,F8,2)
WRITE(6,9997) T3(1)s T3£2)
9997 FORMAT(//7HOEMTBFs F8:3,5X,8HEMTTRs F8,3)
WRITE(6,2159)
DD 2084 1a1,40
IF( CLSDTI¢1,1Y,LE. 0,0) GO TO 2084
Do 2083 J=2,9
2085 CLSDTI(J,1)m CLSDTICU,1) / CLSDTItL, 1)
WRIYE(6,2160) InCLSDY!(iiI)oGLSD?I!Q.I}-CLSDYI(7;I).CLSDTI(ZrI).
1 C SDTI(3.I).CLSDTI(dfi;5CLIDYIIS.I).CLSDTI(!.!).CLSDTI(9.I)
2084 CONTINUE
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RETURN
ENeRY OytP4
FLITERS]TER
WRITE(6,9555) ITER,NDMAX ‘
955% FORMAT(16H1RUN SUMMARY FOR]3,14M ITERATIONS OF13,12R-DAY MISSION/
1 1274 1TER NYUMBER OF EVENTS AVE, MaAN HOURS SPENT
1 ~g-#~-w-==-=END OF DAY AVERAGESw----w-=~-~ [NDICES
2/5%,125H SUCe SUC2 FALIL IGNORE PRIM, SECOND SLEEP IDLE
3 PHYS LD MEN LP COMP APA  FAT, ASP HLTW SF1
4Y/5%X,22H=-~PERCENT OF TOTAL-~-6X,15HAVERAGE PER DAY7X, '
5 24K 18X;19HAVERAGE PER DAY)
DO 2105 1=1,32 :
2105 OQUTA(])=0
DO 2110 =1, 1VER
WRITE(6,9556) 1,¢I1YBR(J,1)ad=d 8), ¢IITER(J,]),J212,19)
9558 FORMAT(1X,»14,3F5,19F741,4F7,2,24%X, 2F8,2,F6,3,F6,2:F6,2,F5.2i

12F6,2)
DO 2108 J=1.3%2
2408 OUTA(JIZOUTALUITIITER(J,])
Do 2109 J=1,10
OUTR( ) & OUTB( ) « JITER( 1)
QUTR fJ.iuy = OUTB(J+30) + JITER(Je10 ,1)
2109 CONTINUE
2110 CONTINUE
DO 2115 Js1,32
211% OQUTACJ)ISOUTAC(J)/FLITER .
WRITE(6,9557) (OUTA(Y),Is1,8),L0UTAtI),I912,19)
9557 FORMAT (19HOAVERAGES/ITERATION/
1 5X:3F5,1, BF7.2:24%, FB,2,FB.2eF68,3,F6:2,F6.2,F5.2,
2 2F6.2)
D0 2150 1=1,1TER
WRITE (6,3070)1,(JITER(J,1),J81,10)

3070 FORMAT(6H ITER 12;44W CONS, BAL, (UNITS/HR) BERCENT QF ORIGINAL
1 10F7.,3)

WRITE (6,3060) 1, (JITEREU,I1),J4%14,20)
2060 FORMAT(6NH ITER 12,44W CONS, BAL. {UNITS) PERCENT OF ORIGINAL
1 10F7.3)
2150 CONYINUE
WRITE(6,3080) (OUTBCI},151,10)

3080 FORMAT(37H AVERAGE CONSUMABLE USAGE (UNITS/HR) ,16X,10F7,2)
WRITE (6,3090) (OUTB(]),1811,20)

3090 FORMAT(34H AVERAGE CONSUMABLE USAGE (UNITS) ,19X,10F7,2)
WRITE(6,9115) ,

9415 FORMAT (//131H ITER NUMBER OF EVENTS  AVE, MAN HOURS SPENY )
1AX STRESS MAX MEN LD PERF EFF WAZARD AVG FL DIFF NUMBER UN
PMANNED  SEA 7/ 8X;3BMREPAIR EMER  REPY REPA]R EMERGENCY, 63X,
3 SHSUCC,,5X,8HHOURS,6H STATE)

WRITE(6,90316) (1, (JITER(J,1)»U820,32),1%1,]TER)
WRITE(6,90318) (OUTAES),1820.32)
90318 FORMAT(19K0OAVERAGES/ITERATION/
1 8X,3F6.1,F9.,1,F13:1;P12,2,F42,2,F12,3,F8,2,F13,3,F8:2,F10.2:F5,1.
DO 2120 I=1,11
DO 2120 J=1,10
2120 TOUTA(I,J) = 0.0
9420 FORMAT(///30HOAVERAGES BY TYPE DF PERSONNEL/)
WR1TE(6.,9120)
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WRITE(6,9558)

9558 FORMAT ¢ 125H0 YYPE PHYSICAL HOURS WORKED SLEPT IDLE F.
1TIGUE HWEALTH AVG PMYS COMPETENCE ASPIRATION PERFORM
2 /14X 1 QHCAP . 4X,12HPRIM, 2NDi23XSHINDEX,2X,

3 BHNORKLQAD.30X.4HCUM;)

DO 2125 1=z1,1TER

DO 2124 J=1,10

IF(NTIPE(J),EQ,0) GO TO 2124

DO 2123 K=1,44
2423 TOUTA(K,J)=YOUTACK,  J)+TIITER(K:J,1)
2124 CONTINUE :
2125 CONTINYE

DO 2140 Jz1.10
IF(NTIPE({J) ,EQ. 0) GO 7O 2140
po 2130 j=1,4%
2130 TOUTACI.JY = TOUTA(],JI/FLITER
WRITE(6,9993) Jr (TOUTA(T,uT,1%1,11)
9993 FORMAT(BX,I5, F10.3i3F7,2.F?.1;76.1.F9.2.FS:Z.FLO.Z»F12.3.F12.2.
1 F9,2,F8,2)
2140 CONTINUE
WRITE(6,2159)
DO 2144 ]=1,40
1F(CLSDTR(L,1),LE.O,0) GD TD 2144
Do 2143 J=2,9
2143 CLSDTR(Je 1) 3 CLSDTREY» 1) / CLSDTR(1,]
WRITE(6,2160) 1,CLSDYR(L,1),CLSDTRLG,!
1 CLSDTR(3,1),CLSDTRt451),CLSDTR(S,1).,C
2144 CONTINUE
7301} = OUTAC1)/(OUTALL)+OUTA(27QUTAL
T3(2) QUTAC2)#(OUTALS)+0OUTA(SY)
T3(3) TI(L/LTICL) & T332
T3(4) REMTR
T3¢5) REMTR
T3(6) TI(4)/7(T3(4) & T3L(5))
T3(7) = SORT(0,52(T3¢t8)se2 ¢ TI(6)*w2))
WRITE(6,9140) (T3¢(I),1=24.7)
9140 FORMAT(1HO,9HWHMTBF $,F8,3,5X,8HMMTTR #,F8,3,
1 SX,OHHAVAIL g,F8.3/
2 1X,9HEMTBF Q.FG.S.SX.SHEMTTR 'nPQoJDSXtaHEAV‘IL "FB'S/
3 1X,9HSYSAVAlLs,F8.3)

)
’OCLS (7!!’;¢LSDTR‘27!’.
LSDTR I).CLSDTR(9,1)

J)) »

DTR
(e,
{OUTA(5) +0UTALS))

TR R R

RETURN
END
CFBLD FUNCTION FBUILD
FUNCTION FBUILD(H!
HSLSaH
TEM1=0.24UNIFML(D.0)
IF(HSLS,LT.8:0) 60 TO 21
IF{MSLS,LT,.49,0) GO Y0 10
FBUILDE(HSLS+229.0)/810,0¢TEML
GO TO 5000
10 FBUILD=®(15,0#HELS=109,0)/220,0+TEML
GO T0 5000
CIII17E01000127077078027040277/
20 FBUJLD = 0,01875 & HELS - 0.4 + TEM]
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5000

5002
5558

GIPUY

1000

5000

CPSCAP

110

130
138

140
150

IF(FBUILD ,GE% 0,0) GO TO 5002
FBylLD = 0,0
GO Y0 5558
IF(FBUILD .GT: 1,0) PBUILD = 1,0
RETURN

END

FUNCTTON IPUYSM

FUNCTION IPUYSN(PAR)
TEST=EXP(-PAR)

Kgd

vysUNIFM1t0,0)
{F(Y,LE.TEST) GO TO 5000
KEK+]

YeY&UNIFML(0:0)

Go YO 1000

1PUYAN=K

RETURN

END

SUBROUTINE PSEAP

SUBROUTINE PSCAP(lAA,PCDUM,PSCONM)
DIMBENSION 1AAC4),PCDUM(EY ,PSCOML40), TEM(3),LE3),LL(3Y,DATR(3)
DATA DATR/0,95,0,75,0,60/
NN=zi
DO 350 1%1,4,3
DD 340 J¥1,4
L1§!AA(J7
TEM13L 1
Kls]
DO 410 K=1,3
TEM(K)STEM1aPCDUM(KI)
L(K)sTEM(K)
KIzK]+1
Lizli-L(K)

1F¢LL.-EQ, 0G0 YO 275

K]=s1

DO 130 K=i,3
TEM(K)STEM(K)=FLOAT(L(KT)
IF(TEMIK) ,LY2(,5%)) GO TO 130
L(KYsL (K)+1
Lisl1-1

1F(L1.EQ.0)GO T0 275
CONTINYE

DO 135 Ka1,3
WL K ) EK

po 1580 Kei.,?

KKB3=K _
DO 140 1]=1,KK ;
IF(PEM(1]),GESTEM(I]e2))GO0 TO 140
TEMRSTEM(I])
LTsLLCIT) ' _
TEM(IT)YSTEM(I1+1)
TEM(]l¢1)mTEMP
LLEYTIY=LLtTed)
Lhellst)ulY
CONYINUE
CONTINUE
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160

275

305
310
340
350

CINPYT

100

DO 460 K=1:3

KKzl (K)

LIKK)=L (KK)+1

LiFLi-1

1F(L1.EQ,0)G0 T0 275

CONTINUE

KKsLLe1)

L(KKYsL(KK)+L1

PO 310 K%1,3

KKEL (K)

{F{KK.EQ,0)G0 TO 310

YEMP = DATR(K)

DO 305 N3y,KK
PSCQM(NN):AMINl(.99.7EMP*DNORM1(0-0’*0.03’

NN=NN+1

CONTINUE

CONTINUE

NN=2%

RETURN

END

SYBROyUYINE INRyy

SUBROUTINE INPUT(ITERyKASE)

COMHQN/PRSNEL/NT;SIGNV;PPFQ.PPMO.PPUG.SPFQiSPMQ,SPUQa

14P1,P1D,2ZPC,PTY(10v10) ,MEN(10,4),NDS,105(6,20)
COMMON/IPARAM/APsT;wonxi,wonxz.SLEEP.CN,MAXSL,TFAT.ACP.

1CAhRY‘PHRRT,K7.K1$BE.ﬁASP.K0N(19).KONT(10.10).K0N1<10>.

2 KONTl(lU.io),SESTAtiﬂ’nRELI(4’iNa!ET.IND(7>1NDMAX
COMMON/EQREVNT/ 1DF(3g) RELM(30),DTR(579), TUS(30), IRE(30)
COMMQN/EEMER/ART(lO)oleE(lB).DTE(iO).!ESSE(SO) JNREQE(10,10),

1 LUDME(lo).!RCE(10510!'IRCE1(10510)oYSEQIO).Tsiltiﬁ)ilHEtlo)»

1 TECE(10,10),DTBEL10)§NDBE(10)
COMMON/ETYPE/ADUR,ASD:IESS.NREntiﬂi.LODM.KE.!NT,IRC(lO).IR01!10).

1 1M, JEC(10),NTQR, IQR(8), ICLASS ‘
GOMMQN/SEVENT/!E?VPts7o>;TL(5707.sr<570).Encv<3.570>.1pecs7o).

1 TS¢570§.751(57O!ﬁNXt3.970);RTU!570).1701(5707aIEFN(57O)oN!FC570)

o |BDC(3,570),PRB(3,570),NOSE,NEQRE,NEME,DI(9)

DIMENSION FP1t111)0191¢161).FP?<24B)'1P2(9)2F93(2200).193(2200)»

1 FP4(3660>.I?4(3!00);FPE(&OU).XP5(2000).DUMY(lZ).IDES(lZ)
DIMENSION PTTT(10;510)

DIMENSION ADURIO(55)
EQUIVALENCE(ADURI0 5 ADUR)
EQUIVALENCE (WT,FP1),(MEN,IPL),{APST,FP2),(N J1P2),

i (F”31F94,o(FESoFPS,OtlpslIP4)D‘!F3aIPE’t(lP3r!GBG’I‘FP3oGBG)
INTEGER TS,TS1,RTU,TSE, YSE1: TSR, TSRy
REAL MPI.MAst.K7)K1.IEC.LODMaIH.IRC.KON.KONX.KONT-KDNTi

REAL IECE,IME,IRCE,LODME
NAMEL 1ST/PERSNL/NFPL,FP1,NIPL, IRL
NAMEL IST/PARAM/NFP2,FR2,NIP2, IPE
NAMEL 1ST /SCHEVTY /NFP3,FP3,NIP3, IRY
NAMELIST/EQREVT/NFP4;FP4,N]P4, R4
NAMELIST/EMREVY/NFPS5,FPS,NIP5,IP5
NAMELIST/TYPE/ NFP5,FP5,NIPS,1P3
1ERR = 0

IF(ITER ,GT, 1) GO TO 225

NFP2 = 0

NIP2 = 0
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101
8100

200

208
201

210
220
22%

8200

299

300

READ (5,PARAM)
IF((NFP2,NE,248),0R,¢NIP2,NE,9)) GO TO 9040
WRITE(6,8100) (FP2(1),]%1,248);C1P2(1),1n,9)

FORMAY (7H1APSY wri3.2,8H WORK1wp14,1,8H WORK2=F14.1,8H SLEEPeF
114,4,8H CN  aF14.4,8H MAXSLeF14.4/7W0TFAT wf13.2.8H ACP sF14,
22,84 CALRY=F14,078H PWRRTEF14,4,8H K7 ®F14,2,8H K1 ®»Fy4,2/
37HOBE  sF13,2,8H  AASP§F14,2//
314HOKON(1=10) 210F9,0/15H KONT(1<10) ® 710(14X,10F9,0/),

4 /14HOKONL(1~20) = $0F9.0/ 15H (ONTL(1-10) & /10{14X,40F9,0/),
5 13H SESTA(D-09)%10F8.2/11HOREL](1~4)g4F8,2/
6 3MON=I5,6H TET®I5,¢3H IND(1-7)m713)

IF(KASE ,LE, 1) GO Y0 201 :

DO 205 1=1,10

DO 205 Jei,in

PTTCI,J) ® PITT(];J)

CONTINUE

NFPL =2 0

NIPY = 0

READ (5,PERSNL)

IF ((NFP{.NE,111),OR.{(NIP{.NE.164)) GO TO 9020

[F(KASE (NE., 1)} 60 vQ 209

DO 208 Isi,10

DO 208 Jsi,10

PTTY(1,J0) = PTT(1%))

CONY[NUE

DO 220 131,10

DO 210 J=2,10

PTT(J, 1)aPTT(J, I )ePTT(Jal,])

CONYINUE

CONTINUE

IFCINDCLY LEQ: 0 JOR, ITER ,GT, 1) GO YO 299

WRITE (6,B200)¢FPI(I)+1 ® 1,411),¢ JPL(I),]1 ® 1,861)

FORMAY (7H{WT  =F7,14y8M SIGHT®F?,1/7W PPFC »F7,2,8H PPMO ef7,2,
18H prUQ 3F7,2/7H SPFQ sF7,2,8H SPMQ #F7,2,8H SPUQ aF7,2/7H MPI
2 =F7,2,8H PID aF7,148H ZPC $F7,2/14HOPTT(1-10,1) s10F%,.2;15H
JPTT(1-1042) 230F5,2/14H PYT(1-10,3) N1QF5,2,15H PTT41-10.4) 810F5
4,2/14H PTT(1+10,5) =10F5.2,15H PTYT(1-10,6) §10F5,2/34H RPYT(1-10,7
5) 510F5,2+15M PTT(4-20,8) s10F5.2/44H PTTL1#10,9) =30F5.2,154 PT
67(1+10,10)#10F5,2//43HOMEN(1=1051)n40l6,14H MBN(1«10,2)n1018/13H
TMEN¢1-10,3)=1014,14H MEN(1-10,4)91014/15M0NQ, OF SHIFTSs,167,
B13H [DS(1~6, 1)%,614,3X,12WIDS(1e6, 2)8,614,5X,12HIDS(1-6, J)ub]4/
913K IDS(1-6, 4)=2,614:3X%,12MIDS(I=6, 5)u,6]4,5%X,12HIDS(1~6, 6)nb]d4/
AL3HM [Dgt1-6, 7):.614.!x.12HID§(1-6. 8)m,614,5X,42HIDg(1~6, 9)ubld/
BL3H IDS(1-6:10)=,614,3X,12HIDS(E=6,11)0:614,5%X,42HIDS(1-6,12)n614/
C13H [DS(1=6,13)%,614,3X,12HIDStE=6,14)0,614,3X,12HID8C1~6,18)n6]4/
Dy3H IDS(1=6,46)5,614,3X,12HIDS(Fwb,47)n,614,8X,42HID8(1~6,18)86]14/
E43H IDS(1»6,49)2614,8X,12HID8(1~6,20)614)

IF(ITER,EQ.4) GO TO 300

REWIND 10 _ _

READC10) NFP4,NIP4,NBQRE,(FP4(1), 108 , NFP&),CIP4(]),181,N]IP4)
GO TO0 301

NFR4 = ¢

NiIP4 = 0

READ (5,EQREVT)

NEGRE=1P4(1)

IF(N .LE, 1) GO TO 301
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REWIND 10
WRITE(10)
304 XK =2 2
MM = 1
IF ¢INDtg)Y NE, 0 ,AND. ITER .LE, 1) WRITE (6,8329)

8329 FORMAT(1H1,90X,27HEQUIPMENTY REPAIR EVENT DATA/
1 114# [Q DESCRIPT]ON

NFP4,NIP4,NEQRE, (FP4(]), Im1,NFP4),tIP4{]),E21,NIP4)

2 TSRs» TSRi RELH Tyl IRE 4
3 98M TYPE NX{1-%) PRB(1~3) RTU 1EDCt143) 1EDCV{1=3)
2 IPE IFOI 1EFN DTR)

D0 359 1 = 1,NEQRE

DO 305 Js1,12
IDES{JYaIP4 {KK)

305 KKsKK+1

TSR 3 [P4 (KK)

TSRy = IP4 (KK + 1)
REX3IP4(KK*+2)
RE¢l)=IREX

IEFNX=]P4(KK*3)

KKeKK+3

RELH(I)=FP4 (MM)

TUl¢lI=sFP4(MMee)

DYR¢I)=FP4(MM+2)

MMsMM+2

JE200+(1=1)u42

ITEM=J

DO 310 JJ=1,l1REX

NENLD

TS({J)=TSR

TS1(J)=TSR1
JEYYP(J) 3 P4 (KK # %)
IPE(J) = IP4 (KK ¢ 2}
IFCIPECJY . NE,O)Y IPELJIFIPE(J)*]ITEM

NX §1,J) = P4 (KK + 3)

NX (2,J) 3 1P4 (KK & 4)

NX(3,J) & 104 (KK ¢ 5}

NX{1,J)sNXC1, )+ 1TEM

NX{2,J)eNX(2,J)+]TEM

NX(3,J)eNX(3,J)+1TEM

RTUCY) = 1P4 (KK # 6)
IFQI¢J) = 1P4 (KK + 7}

JEFN{J)®]IEFNX

DYR{JI=FP4(MM)

PRB(4:J) = FP4 (MM & %)

PRBI2,J) 3 FP4 (MM » 2)

PRB{3I»J)= FP4 (MM + 3}
JEDC(1.,J)aFP4{MMad)
JEDC(2,J)3FPALMMe5)

JIEDC (3, J)2FP4(MM+6)

EDCY(1.,J)=FP4(MMeT)

EDCV(2,J)=SFP4(MM28)

EDCV(3I,J)ISFP4(MMe9)

ST(J) = 0.0

TLEJY) = 24,0
KKaKK+7

MMzMM+10
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310

8330

350
399

400

404

8429

408

410

420

428

CONTINUE
NNEN
KK = KK + 1
MM = MM + 1
[11sJ-1REX+1
IF (IND(41) .NE, 0 7AND, ITER ,LE, 1) WRITE(6,8330)
1 1,1DES,TSR, TSRy, RELK(LY, TULLT ) TREX, CIETYP (), (INXEK,J) KEL,3)s

2 (PRB(K,J),Ks1,3);RTLEJ), CIEDCIK,J),K9L,3),

3 (EDCVIK,J),K=1,3)sPEC(J),IFOTCJIY, IEFNCU) ,DTR(J) ,Us1T, JJ)
FORMAT(1M0/13,2X212A6513:16,F10.6,F7,2,15/
1 (4H »13,1X,13,21493F%525212, 213,1X,3F10,3,83,16,111,F5.2))
CONTINUE .
IF(ITER,EQ,4) GO TO 400
NFPRSeNEMESZ
NIPB=NEME#47
READ(10)y (FP5(1y, I8¢ ;NFP5), (IP5(]),]134,NIP5})
GD TO 401
NFPS = 0
NIRS = 0
READ (5,EMREVT)
NEME = NFP5/3
NFPIsNIP5/58
IFC{NFP5,NE,NEME®#3) ,0R. (NJP5,NE.NFP3«58)) GO TO 904"
IFIN.GT,1) WRITE(tg) (FP5(1),18g,NFP5),(1P5t]1),181,NIP5)
KK 8 1
MM = 1
1F (IND(L) NE, 0 .AND, ITER ,LE, 1) WRITE{(6,8429)
FORMAT(1M1,90X,20HEMERGENCY EVENY DATA/18M K IDENTIFERY
{1 23H NDBE ARTY ASDE DYE,58XeiQMIRCE(1=10),40X,3HTSE, 3IX,5HLODM
2 2X,5HIESSE ,
1/11X,11HNREQE(1-10),8X, 51X, 12H]RCEL (1+10),8X,4HYSEL,4X, INIKE/
3 11%,10HIECE(1-10) 71K )
DO 450 1 = 1,NEME
ART(1) = FPS(KK)
ASDE(1) s FPBIKK ¢+ 1)
DTE(]1) = FPS(KK + 2)
DO 405 Jsl.12
1DES(J)=IP5(MM)
MMBMM ¢+
JESSE(I?SIPS(MM)
DO 430 J =1,10
MM & MM + 1%
NREQE (J,1) = IPB{(MM)
MMueMM+ 1
LODMEt 1)sIPB(MM)
DO 420 Js1,10
MM 8 MM ¢ 1
IRCE (J.1) = TPS(MN)
MM 8 MM + | .
TSE(]) = 1P5 (MM}
DO 425 Jai,10
MM 8 MM + 1
IRCEL(J 1) = 1P5 (MM}
TSEL(l) & IPS(MM & § )
IHE{]) = IP5 (MM » 2}
MM & MM + 3
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430

DO 430 J 1,10
1ECE(J,I) = IPS (MM)
MM = MM » |

NDBE(1) = IPs (MM)
MM 8 MM + 1

KK &8 KK + 3

1ETYRP(1+560)s-1
ST‘1*560’= 0.
TL(1e560) = 24,0
7S(1+560)= TSE(I)
TS1¢1+560)= YSE1(I)
RTUCI+560)=1
1FQI(1+560)=4
TEFN({I+560)=0
NIF(1+4560)=1
1EDC(1,1e560)20,
1EDE(2,14560) =0,
1EDC(3, 1256020,
IF ¢ IND(1) ,NE,
IWRITE (6,6449)
1 ,10),TSECT),LODMEC] )y

2 TESSE(I).,
3 ~ (NREQE (.
4 IWECI)Y,(IECE(J,1),J%1,10)

0 +AND, ITER

LE, 1)

s 1Vo st 1B) ) (JRCEL( yr 1), yms,1CY, TEEL (],

6449 FORMAT(14,8X,12A6/16,F5,2/F7.2+F5,2:8X+10F7,Q,13.,F8.0,17/

450
604

9604 FORMAY(1H1/50X,15HEVENY TYPE DATA/18H J

605

610

11013,2X,3017,12,.F8.0/30F6,0)
CONTINUE
IF(ITER,GY.L) GO TO 6514
NFP5=Q
NIPS=D
READ{5.,TYPE)
IF(IND(1)Y.NE,O .AND,IYER,LE.1

1 61X.,26H ADUR ASD CLASS
2
3¢1~10),22X,9HIRC{1-10)/15X, 9N
NTYPES=N]P5/4% _
MM = 1
KK m» 1
DO 450 ls1,NYYPES
DO 605 Jmi1,12
IDES(J)=IP5(MM)
MMEMM+1
JESSEIPB(MM)
MMsMMe1
ADUR & FPS (KK}
ASD 3 FP5 (KK + 1)
DO 610 J=1,10
NREQ(J) = IPB (MM)
MM = MM + 1
LODM = IPS (MM)
KE 3 IP5 ( MM + 1)
INT = IP5 (MM ¢ 2)
MM 3 MM + 3
DO 615 Js1,10
IRC (J) = IP5S ( MM)

) WRITE(6,9601)

IDENTIFIER,
NIGR,8X,BHIQR{1~-6) /
/38M JESS LODM KE INT IH

TEC(4~10),36X,10H|RCL(1~10))
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NREQ




IRCL(J) 8 IPs (MM + 1Q)
615 MM = MM + 1
JH=IPS (MM+10}
MMEMM+11
DO 620 J=1,10
JEC (J) % IPS (MM)
620 MM ® MM o 1
NIQR ® IPS ( MM)
DO 62% Jsl,6
MM & MM ¢ 1
625 JQR¢.) = IP5 (MM)
ICLASS = IP5 (MM ¢ 1)
WRITE(12'1,ERR29060) ADURIO
IFCIND(1).NE.O AND, JTER.LE,1)
1 WRITE(6,9650) 1,1DES;jADUR,ASD,ICLASS,NIQR,(JQR(J),J81,6),1ESS,
1 LODM,KE,INT,IH, (NRE@(J},Jg1,10), (IRC(J)>Ju1,10), (IECHJ),Jm1,10
2y RC1(J 1,10
9650 gOR&XT(/I4Eii:12A62 2F7.,3,16 i16.614/15.F8.002!4.F4.0-1013.
1 10r7,0/10F5,0,9%5;1017)
KK 8 KK + 2
650 MM B MM ¢ 2
654 RETURN
ENTRY DINPUT
IF(]TER,EQ.1) GO TOQ %00
READ(10) ND,NOSE; (Dymy(I),Is1,4¢)
475 NFP3=NOSEs14
NIP3=2NOSE®#11
READ(10) (FP3(1);1mgyNFP3),(IP3(]),1%¢,NIP3)
Go T0 501
500 NFP3 = 0
NIPE = 0
READ (5,8500)ND,NDSE, ¢DUMY(I),1 = 1,11)
8500 FORMAY (213:,11A6)
READ (5,SCHEVT)
IF((NFP3,NE.NOSE®#11),0R, {NIP3.NE,NOSE#11)) GO TO 9050
IF(N.LE,1) GO TO 50¢
WRITE(10) ND,NOSEy(DUMY(1),l=1:14)
WRITE(10) (FP3(1)s |82, NFP3),(IPSC1),I81,NIP3)
501 KK 3 1
MM s 1
po 560 | = 1,NOSE
JETYP(I)=IPI(KK)
IPE(1)zIPI(KK+1)
1S(1)=1P3(KKe2)
1S1(1)1=IPI(KK+3)
RTULI)I=IPI(KK+4)
1FOL(])mIPI(KK#+5)
NIF(])=IP3(KK+6)
JEFN(I)®IP3(KKe7 )
KKaKK+8
TLE])=FPI (MM
ST(])=FPI(MMe1)
MMaMM+2
DO %510 J = 1,3
NX(J,1)=IP3I(KK)
PRB(J: [ )SFPI(MM)
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MMBMM + }
510 KK 3 KKe}
JEDC(J,1)=FPI(MM)
EDCV(J)I)SFPI{MMaZ)
520 MM 3 MM ¢ 1
MM 8 MM + 3
560 CONTINUE i
IF(INp(1) g0 0 LOR, ITER .GT, 1) GO YO 4999
WR]TE (6,8501)ND,NOSEo(DUMY(1),] & 1.,11)
8501 FORMAT (1M1.,90X,20HSCHEDULED EVENY DATA/
14H ND=13,5X,5HNOSE=1344X,11A6//83H IE IETYR TS TS1 [IFOl NIF
2 lEeFN NX(1-3) PRB(1~3) IPE RTU ,5X,8HTL 87/
DO 8600 ! = {,NOSE
3 5X,9HIEDC(1-3),9HEDECV(4~3))
WRIYE(6,8560) 1,IETYPLIY,TS(1),TSI(]1),1FO
1 (NX(J,1),J=4,8),¢PRB(J, 1), J21,3), IPE(]),
2 (1EDC(J,1)y,J=1,3)7
2 (EDCvd,1),d21,3)
8500 CONTINUE
8560 FORMAT(1HQ/4H ,13518,14,15,316,315,3F8,2,215,4X,2F6.,2,/
1 1MW ,4X,313,3F10,3)
4999 CONTINUE
5000 }F (]ERR,EQ.p) RETURN
s5TQop
2010 xERR = 1
&TE (6,9011)
9014 FORMAy (30H1ERROR IN FOLLOWING INPyy LIST/25HPROGRAM WILL NOy CONs
1 INUE)
WRITE (6,PARAM)
G0 Y0 200
9020 IERR = 1
WRITE (6,9011)
WRITE (6,PERSNL)
GO Y0 300
9030 JERR = 1 )
WRITE (6,9011)
WRITE (6,EQREVT)
GO TQ 400
9040 JERR =z 1 .
WRITE (6,9011)
WRITE (6,EMREVT)
GO T0 60%
9050 ]ERR =
WRITE (6,9011)
WRITE(6,SCHEVT)
GO TO 5000
WRITE(6,9012)
FORMAT(20HLDN: A, ERROR=-QU]!Y )
RETURN
END

-—
-

NIF
’

t-..’-\
-

ICI),NIFCDD, ]
RTULI), TLC Y

O O
o0
- O
N
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